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CELLULAR STRUCTURE IN LIMONITE. 
P. F. BOSWELL AND ROLAND BLANCHARD. 


Papers thus far published in connection with the Leached Out- 
crops Investigation have failed to explain satisfactorily (1) why 
the cellular limonite boxworks or patterns derived from one sul- 
phide usually differ in shape from those derived from another 
sulphide; (2) why in some cases the cellular limonite is distinctly 
rigid while in other cases it crumbles readily; (3) why most 
limonite boxworks, once formed, survive more or less unchanged 


through subsequent processes of oxidation and weathering which 
affect the outcrop. 


Detailed laboratory experimentation is being done which in 
time should furnish full explanations for these phenomena. In 
the meantime, the following tentative deductions are offered: 


ORIGIN OF CELLULAR SHAPES 


The cellular boxwork derived from any given sulphide owes 
its shape or pattern largely to the fracture or cleavage pattern in 
the original sulphide nodule or mass prior to oxidation. So many 
instances have been observed, both in the hand specimen and un- 
der the microscope, which show the limonite or limonitic jasper 
“eating” its way into the fractured sulphide mass; and so fre- 
quently has this fracture structure been found perfectly pre- 
served in the thoroughly leached, adjacent limonite; that doubt 
as to the origin for the different boxwork shapes or patterns no 
longer exists. 
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Figure 1 below, reproduced from a previous paper,’ shows the 
incipient boxwork pattern following the fracture seams of a 
sphalerite nodule. 





Fic. 1. Sphalerite showing beginning of oxidation. Dark portions: 
sphalerite. Broad white bands: hypogene quartz veinlets. Thin, irregu- 
lar white stringers cutting sulphide lenses: limonitic jasper veinlets “ eat- 


” 


ing” their way into the sphalerite mass around individual sulphide grains. 
1%. Golconda Mine, Chloride, Arizona. 


Just why the fracturing in chalcopyrite and sphalerite often 
occurs in distinctly parallel lines, so that the resulting limonite 
shows parallel orientation of cell walls, is a matter not discussed 
here. But little imagination is required to correlate the perfect 
cube-shape boxwork often found in limonite derived from galena 
and magnetite, with the common cubic crystal form of those 
minerals. On the other hand, both the major and minor frac- 
ture patterns in the rocks and ores of a particular district or de- 
posit may be peculiar to that locality; not every deposit of shale 
shows the “ pencil” cleavage structure which is so well developed 


1 Econ. GEOL. vol. 22, no. 5, pp. 419-453, 1927. 
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CELLULAR STRUCTURE IN LIMONITE. 793 
in the shales near Taylorsville, California. This explains in part 
the “local” limonite patterns or types which we sometimes find 
peculiar to an individual deposit or district, but which do not 
conform in shape to the more standard types recognized else- 
where. 

Several exceptions must be emphasized. In the case of 
limonite derived from chalcocite of the disseminated secondary 
chalcocite deposits in the Southwest, the limonite pattern usually 
follows in shape the film or thin, irregular chalcocite replacement 
on the outer surface of the replaced pyrite. In the case of galena, 
although cubic-shaped limonite boxwork is common, more often 
cellular limonite, in the case of the lead minerals, patterns itself 
after the clusters and irregularly rounded aggregates of cerussite. 
The reason is that in the case of lead (and zinc) minerals, limonite 
usually forms only after the sulphide has passed through the 
carbonate stage. 

But though these exceptions must be noted, shape of the box- 
work, in general, is closely dependent upon the fracture or cleay- 
age structure of the sulphide nodule or mass. 


RIGIDITY OF LIMONITE BOXWORK. 


Rigidity of the cellular boxwork increases with increase in 
silica. Much assumed “ limonite,” and practically all of it which 
constitutes the boxworks, is not limonite as generally understood ; 
it is limonitic jasper. The SiO. content of some of the cellular 
boxworks is as much as 55 per cent., though usually it is less. 
This refers to the supergene limonite boxwork, not to the hypo- 
gene quartz boxwork designated in Fig. 1. 

In certain cases supergene minerals other than silica may cause 
the rigidity. Specimens of a particularly obdurate pyritic gossan 
over the United Verde orebody, collected in 1924, show gypsum 
as the binding or “hardening” material. In some cases non- 
tronite becomes intergrown with the limonite, increasing the 
rigidity. In still other cases wholly external factors control. 
In the disseminated chalcocite-pyrite deposits, as already stated, 
the boxwork patterns itself after the thin, irregular chalcocite 
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replacements on the outer surfaces of the replaced pyrite nodules. 
This, by itself, would result in an extremely thin and fragile 
boxwork. But frequently the residual pyrite, upon subsequent 
oxidation, forms finely botryoidal limonite crusts which coat over 
the more fragile structure derived from the chalcocite alone; and 
these limonite crusts support and render more rigid the entire 
cellular mass. 

All these factors, however, are either merely contributory, or 
are the result of local conditions; supergene silica, as limonitic 
jasper, remains the fundamental cause for the rigidity of limonite 
boxwork. 

The amount of silica that enters into the composition of the 
boxwork varies greatly with the sulphides involved. A mixture 
of 2 chalcopyrite: I pyrite yields a distinctly more siliceous box- 
work than does pure chalcopyrite. Limonite derived from sphal- 
erite nearly always has a high silica content, in sharp contrast 
to the generally low silica content of limonites derived from 
bornite and galena. 

The type of gangue, under certain conditions, likewise governs 
the amount of silica that enters into the composition of the cellu- 
lar limonite product. The most siliceous limonitic jasper we 
have observed is derived from pyrite oxidizing in a limestone 
gangue; whereas pyrite oxidizing in a feldspar gangue rarely 
produces a notably siliceous limonite. 

Finally, entire districts may show the phenomenon of abnor- 
mally high or low silica content in their limonite products. In 
the Ely (Nevada) district cellular limonites of copper, zinc, and 
lead origin are characteristically thicker-walled and more siliceous 
than are corresponding limonites of most districts. 

The amount of supergene silica which enters into the compo- 
sition of the limonite boxwork under any given conditions is 
governed closely by physico-chemical laws. Discussion of this 
matter in detail must await the fuller outcome of present lab- 
oratory experiments. Reference to it is made here merely to 
emphasize that the characteristic greater rigidity of certain lim- 
onite types over others is not accidental. 
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CELLULAR STRUCTURE IN LIMONITE. 


SURVIVAL OF THE LIMONITE PATTERNS. 


The reason the cellular boxworks, once formed, survive so well 
through the processes of weathering, is because the siliceous 
limonitic jasper is not readily “whipped out” by weathering, 
or planed down by minor forces of erosion. Less siliceous 
limonite types do not survive long at the surface unless mechan- 
ically protected against even mild erosion. 

The reason the boxworks survive so well through chemical 
attack which dissolves the sulphide is likewise largely due to their 
high silica content in the form of jasper. The principal chemical 
attack is from sulphuric acid and ferric sulphate solutions, though 
in limestone gangues bicarbonate solutions may be important. 
Organic acids also play a part, but except in the equatorial belt 
they are relatively unimportant. 

Ferric sulphate may be regarded as merely a modified form 
of sulphuric acid. The principal chemical attack upon the limo- 
nite boxworks in all gangues except limestone, and even within 
them to a large extent, is therefore the attack of sulphuric acid 
contained in circulating ground waters. 

Sulphuric acid attacks most silicates readily; but enough lab- 
oratory work has been done in the present experiments and in 
previous work by chemists, to show that, in the concentrations 
found in nature, this acid does not importantly attack vein quartz, 
jasper, or the more highly siliceous limonitic jasper boxworks 
here considered. The bicarbonate solutions are more effective 
solvents both of vein quartz and of the limonitic jasper; but even 
they dissolve quartz and jasper but feebly. 

Once the boxworks of limonitic jasper have formed, they are 
therefore largely immune from chemical attack which breaks 
down the sulphides. 

It may be asked what effect the acid and bicarbonate attacks 
have upon redissolving limonite low in silica content. Experi- 
mental evidence does not yet permit a concrete answer. If the 
geologist, however, analyzes the products commonly assumed to 
be “pure limonite,” he probably will find them more siliceous 
than he has supposed. 
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There remains one other question: Why is the silica content 
usually high in the cellular boxwork, and usually much lower 
in the limonite particles or grains contained within individual 
cells of the boxwork? 

We are not yet in position to answer that question fully. But 
the acid solutions which trickle over the sulphide mass during 
its initial oxidation stage, and infiltrate themselves into its frac- 
ture seams (see Fig. 1), are not usually wholly indigenous to the 
particular sulphide nodule involved. Those solutions, in part, 
may have traveled almost any distance previously, from a frac- 
tion of an inch to a good many miles. They are consequently 
circulating ground waters; and such waters usually carry more 
or less silica, either in solution or in colloidal form. A source 
of silica for the limonitic jasper therefore becomes available, even 
though, as sometimes happens, no vein quartz or silicate minerals 
may be in direct contact with the sulphide nodule itself. But 
once the cellular boxwork along the fractures has been formed, 
circulating ground waters may have more difficulty in consistently 
penetrating the sulphide nodule; and normal oxidation, dependent 
closely upon indigenous factors, is more likely to proceed within 
the residual sulphide specks of the cellular mass, with consequent 
less admixture of silica in the limonite produced. 


SUMMARY. 


1. Shape of the cellular pattern in limonite boxwork is gov- 
erned largely by the fracture or cleavage pattern inherent to the 
particular sulphide nodule prior to oxidation. But in some cases, 
as with disseminated secondary chalcocite and with galena, this 
pattern may be modified by other factors, the nature of which 
is discussed. 

2. Rigidity of the boxwork depends chiefly upon content of 
supergene silica, as limonitic jasper, and usually varies directly 
as that content. 

3. Chemical attack, and consequent re-solution, of the cellular 
boxwork during oxidation of surrounding sulphides, is limited 
because of low solubility of limonitic jasper in acid. 


Vanapium, New MExIco. 
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GOLD DEPOSITS OF THE GUAYANA HIGHLANDS, 
VENEZUELA. 


W. H. NEWHOUSE AND GUILLERMO ZULOAGA. 


INTRODUCTION. 


Tue El Callao mine in Venezuela was the most productive gold 
mine in the world during the latter part of the Nineteenth Century. 
This mine is in the Guayana highlands about one hundred miles 
south of the Orinoco River. In the period of 1871 to 1890 the 
mine had a total recorded production of over thirty million 
dollars. During the boom period some other important mines 
which produced in the vicinity of El Callao were the Chile, Potosi, 
Caratal, Nacupai, Remington, and Panama. Most of the prolific 
mines are within a small‘area and these are clearly confined with 
the El Callao mine in one unit of structure. 

Two other less productive lode gold districts, or areas occur, 
one centered at Cicapra, which is near Pastora, some twenty-five 
miles northwest of El Callao; the other around Botanamo, which 
lies near the British Guiana border some fifty miles southeast of 
El Callao.’ 

The present paper describes some features of the Venezuelan 
deposits that have not hitherto been presented in the literature, 
and the presence of similar geological features connected with the 
gold belt in the Guianas is pointed out. Proof is adduced that 
the gold-bearing solutions are more closely related in time to 
rhyolite porphyry, than to the basic rocks in which the veins often 
appear. 

1 The total production of the Venezuela Guayana gold field up to 1918 is ap- 
proximately 55 million dollars, over one half of which was produced by the one 
mine, El Callao. Production figures taken from “ Venczuela: a Commercial and 


Industrial Handbook,” Dept. Commerce, U. S. Government Printing Office, pp. 
300-301, 1922. 


2 Numerous descriptions of certain phases of these gold deposits have been 
given in the current mining literature. The work of N. Paquet, “ L’Or En Guyane 
Venezuelienne;” is the most complete. (Pub. de la Soc. des Ingen. du Hainaut, 
Tome XI., Paris, 1902.) 
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PRE-CAMBRIAN GEOLOGY. 


Gneisses and Schists—From Ciudad Bolivar, on the Orinoco 
River, southeast for about 100 miles the rocks are mainly granitic 
gneiss, hornblende gneiss, quartzite, and sericite schist, named 
in order of decreasing abundance. 

The bulk of these rocks may be referred to the pre-Cambrian 
along with similar rocks described on the continuation of this 
ancient stable landmass which extends into the Guianas* and 
Brazil. The gneissic structure strikes N. 60° to 80° E. in a con- 
siderable proportion of the many observations taken, with the 
dips near vertical or steeply south in the main. 

Much of the gneiss is of pink granite, medium to coarse- 
grained and composed of pink microcline feldspar, quartz, and 
biotite. To the east of this section, G. Atwood and T. G. Bonney 
report much syenite gneiss from San Felix to El Callao.* 

The hornblende gneiss is minor in amount and in general has 
a finer grain than the granitic rocks. 

Imataca Serics.—The age of the iron-bearing quartzite which 
occurs along an east-west belt adjacent to and some miles south 
of the Orinoco River is in doubt. It is fine-grained with sharply 
defined lamellz of quartz and hematite-magnetite alternating, and 
is very much like certain portions of the Itabira iron-bearing 
quartzites of Brazil as described by Harder and Chamberlin.® 
The Itabira Series has been placed in the pre-Cambrian by these 
authors, but Branner ‘ places it in the Lower Paleozoic. 


LATER ROCKS. 
Pastora Series.—A series of andesitic to basaltic tuffs of at 
least several hundred feet thickness is found near Pastora. They 


3 Harrison, J. B., “ Geology of the Goldfields of British Guiana,’ Dulau & Co., 
1908; Cappelle, H. Van, “ Essai sur la constitution geologique de la Guyane 
hollandaise,” 1907. 

4 Branner, J. C., “ Outlines of the Geology of Brazil, to Accompany the Geology 
Map of Brazil,” Bull. Geol. Soc. Am., 30, 1919, pp. 189-337. 

5 Atwood, G., and Bonney, T. G., “ A Contribution to South American Geology,” 
Quart. Jour. Geol. Soc., 1879, 582-590. 

6 Harder, E. C., and Chamberlin, R. T., “ The Geology of Central “Minas Geraes, 
Prazil,” Jour. Geol., 23, pp. 341-378, 1915. 

7 Op. cit. 
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dip 10° to 35° commonly, and form a syncline some ten miles 
across. A similar basin of tuffs with an anticlinal arch de- 
veloped on its southeastern side is found at El Callao. 

At this latter place the bedding of the tuffs is excellently de- 
veloped. In cross section the well-defined sedimentary bands 
vary in thickness from a millimeter to many centimeters, some of 
the bands being more felspathic than others.*” 

On the same outcrop as that showing well-defined banding 
some of the beds are so massive as to resemble igneous rock. 
Agglomerate and calcareous phases are also found. 

These tuffs do not show the pronounced regional metamorphic 
changes that the granitic gneisses and the associated rocks show. 
Locally, they are schistose, and they show much silicification near 
the old El Callao mine. The shearing which locally has produced 
schistosity in the Pastora basin is in general more northeast or 
northerly than the east-northeast gneissic structural trend of the 
older rocks. 

Locally also, the tuffs have been metamorphosed at the contact 
with rhyolite porphyry, as at the Quebrada de Oro prospects on 
the west side of the Pastora basin, where biotite and tourmaline 
have developed in the tuff and where the rhyolite porphyry im- 
mediately on the contact shows much biotite and tourmaline. 

It is clear that the series is later than and unconformable on 
the steeply dipping pre-Cambrian gneisses. 

Kaieteurian or Roraima Series —This nearly horizontal series 
of sedimentary rocks, composed chiefly of sandstone, conglomer- 
ate, and shale forms the Ebini-Kaieteur-Kuribrong scarp® in 
British Guiana, and is well-developed in the Pakaraima moun- 
tains which form the boundary between Venezuela and Brazil, 
with the culminating peak Mt. Roraima on the boundary between 
these two countries and British Guiana.*° 


8 Most of the paving stones in El Callao are of these well-bedded tuffs. 

9 Bracewell, Smith, “ Preliminary Geological Survey of the Potaro-Ireng District 
of British Guiana,” pp. 12-15. Georgetown-Demerara, British Guiana, 1927. 

10 Harrison, J. B., “Geology of the Goldfields of British Guiana, pp. 83-85; 
132-134. Dulau & Co., 1908. 
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At Anandabaru, British Guiana,” the base of the series is com- 
posed of gray, greenish and reddish shales with much felspathic 
material which have a thickness of 250 to 350 feet. Overlying 
these at the same place is a 50-foot bed of conglomerate contain- 
ing milk-white quartz and jasper pebbles. Above the conglom- 
erate is a fine-grained, pink, red, yellow and white sandstone 
with red quartzite and jasper. The total thickness of the series 
varies from 1500 to 2000 feet, with possibly some eroded beds 
formerly present above those now known. 

Sills of laccolithic intrusions of norite, gabbro, and dolerite are 
found at the base and have intruded the shales near the base of 
the formation in British Guiana and also in the mountains be- 
tween that state and Venezuela. Dikes of dolerite transect some 
of the upper sandstones, as do also numerous quartz veins. 

The series apparently has all been eroded from the immediate 
vicinity of El Callao, but is stated by Liddle * to occur in about 
the latitude of that town. Further information’’ places the 
localities at which these beds were found at about 75 miles south 
of Los Bonitos on the Orinoco River, and at another locality some 
distance south of E] Callao. 

In coming down the Caroni River from its junction with the 
Paragua, at about 15 miles north of San Pedro, the writers passed 
a practically horizontal series of arkosic conglomerate and sand- 
stone beds which to the north are folded along a NW. SE. axis 
and dip as high as 50°; further north they again become horizon- 
tal. A thickness of at least 500 feet was exposed. Many quartz 
veins were seen on the banks of the river in these beds. 

The conglomerate beds contain boulders up to one foot in 
diameter, also many small angular fragments of a schistose, fine- 
grained green tuff, or igneous rock, and a few well-rounded 
reddish chert pebbles, much feldspar being present in the matrix. 
These conglomerate beds very likely belong to the Roraima series. 
The Pastora series of tuffs and conglomerates may belong to the 
base of the same series, or may be much older. 


11 Bracewell, Smith, op. cit. 
12 Liddle, R. A., “ The Geology of Venezuela and Trinidad,” pp. 123-124, 1928. 
13 R. A. Liddle, private correspondence. 
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GOLD DEPOSITS OF GUAYANA HIGHLANDS. 


INTRUSIVE ROCKS. 

The intrusive igneous rocks are granite, diabase, gabbro, and 
rhyolite porphyry. The position of the granite in the igneous 
intrusive sequence is not known, but the other rocks appear to 
have been intruded in the order named. 

Granite-—Scattered over the savanna south of the Orinoco 
River, are numerous small rounded hills, which on examination 
prove to be composed of granite showing little or no gneissic 
structure. There can not be much doubt that the massive granite 
composing them was intruded after the strong metamorphism of 
the pre-Cambrian. 

Strong local contact metamorphism of some rocks belonging 
to the Imataca series supports this idea of granite intrusion later 
than the pre-Cambrian. 

Diabase.—The diabase forms a broad belt about 40 miles wide 
on the Caroni River. The southern border on the Caroni River is 
near San Serafin, a few miles north of San Pedro, from which 
the diabase with some tuff beds extends north almost to Guri. 

South of Pastora it was seen adjoining and probably underly- 
ing at least a part of the tuffs. The belt south of Pastora has a 
width of at least ten miles and may well extend farther south. 
South of El Callao a width of about 10 miles was crossed and 
how far beyond this it extends southward is not known. South 
of Las Pifias, which is about 15 miles south-east of Tumeremo, 
it was again encountered and a width of several miles was crossed 
without reaching its southern border. 

About 10 to 20 miles south of this last mentioned point, at the 
junction of the Wenamu River with the Cuyuni River,’* sand- 
stones occur east of the \Venamu and extend with a gap along the 
river to Mt. Roraima, where they are intruded at the base by a 
laccolithic mass of diabase. 


Farther to the southeast, the same relations are described in 
the Potaro-Ireng district.** These occurrences represent without 
much doubt an extensive laccolith intruded along the unconform- 
ity between the pre-Cambrian and the overlying Roraima and 


14 Harrison, J. B., op. cit., 132-1 
15 Bracewell, Smith, op. cit., 2 
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Pastora series. It is in this diabase that many of the gold veins 
occur, the upper part near the contact with the tuffs of the Pas- 
tora Series being especially favored. In the mine workings near 
El Callao, the diabase has been intruded at several different times, 
the different masses show chilled border phases and also show 
some differences in mineralogy and size of grains. 

Commonly the rock is strongly sheared; at other places it is 
massive and fresh in appearance. The direction of shearing is 
in general NE. to N., except near Las Pifas, where it is SE. 
The trend lines of the older crystalline gneisses are more easterly 
in general than much of this later shearing. 

The diabase contains augite, feldspar and chlorite as reported 
by Atwood and Bonney.’* An analysis given by them proves it 
to be a typical diabase in composition. 

The sections examined by the writer show that practically all 
the augite has been changed to uralitic hornblende. Some phases 
of the rock may also contain original hornblende, but this can 
not be stated with certainty. 

Gabbro.—Immediately north of El Callao the turned-up beds 
of silicified tuffs lie against a large mass of gabbro, the whole 
forming a prominent hill. The gabbro appears fresh in hand 
specimen and no shearing or gneissic structure could be seen in 
the outcrops examined. An intrusion of a similar rock contain- 
ing more feldspar and known as the Laguna dike, which appears 
near Peru, clearly shows chilled borders at its contact with the 
diabase. This feature together with its structural relations to the 
other rocks point to its being later in age than the tuffs and 
diabase. 

The gabbro varies somewhat in texture, and consists largely of 
augite, diallage, some orthorhombic pyroxene, and highly decom- 
posed feldspar. 

Rhyolite Porphyry—A rock which varies from a rhyolite 
porphyry to a granite porphyry and contains abundant quartz 
phenocrysts was found intruding the tuffs in the Pastora basin, 
and also those of El Callao. It was not found in contact with 


16 Atwood, G., and Bonney, T. G., “A Contribution to South American 
Geology,” Quart. Jour. Geol. Soc., 35, pp. 582-390, 1879. 
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the diabase or the gabbro but is probably later than either of these 
rocks. The chief evidence on this point is its close genetic rela- 
tion to the gold deposits, which are certainly later than all the 
structural changes brought about by the intrusion of the gabbro 
at El Callao. 


SUMMARY OF GEOLOGIC RELATIONS AND STRUCTURE. 


The earliest element in the structural history of the part of the 
highland studied is the formation of the east-north-east strike 
of bands in the granitic gneisses. No definite assurance is at 
hand that the individual masses or intrusions of pink granite, and 
other granitic rocks are elongated in the same direction. Presum- 
ably they are so elongated, however, for in crossing the strike of 
the gneiss, rather frequent variations are encountered and espe- 
cially masses or dikes of pegmatites and aplite are elongated in the 
direction of the gneissic structure, although they may or may not 
partake of the gheissic character. It is quite apparent at any rate 
that the main plane of weakness in the pre-Cambrian is that of 
the predominant gneissic trend, which is east-north-east. 

Following erosion, the Pastora series was deposited at a much 
later date, with the Roraima series possibly deposited as a con- 
tinuation of it, or as a later series above the Pastora. 

Next followed an intrusive of diabase along the unconformity 
between the pre-Cambrian and the overlying rocks. This broad 
belt of diabase apparently extends from the Caroni River in a S. 
70° E. direction to near the Cuyuni River on the border between 
Venezuela and British Guiana. It is along this belt that the gold 
deposits occur. Similar intrusions are described*’ along the 
border of Venezuela and British Guiana, where the Roraima still 
remains, and the. broad belt of gold deposits continues through 
British Guiana and Dutch Guiana to south of Cayenne in French 
Guiana. The gold deposits in the Guianas are typically associated 
with diabasic rocks usually described as dikes. 

In Venezuela this intrusion or series of intrusions come in as 
shown in several places along east-north-east lines of fracture, 


17 Harrison, J. B., op. cit. 
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t.e., along the main trend lines of the pre-Cambrian gneiss. Some 
folding of the Pastora tuff beds doubtless took place at this time. 
Later came the intrusion of the gabbro at El Callao, which tilted 
the tuffs steeply and along the side of which the tuffs were later 
highly silicified. Gabbros and norites having this intrusive rela- 
tion to the Roraima or Kaiteurian Series are also known in British 
Guiana, 

The faulting or shearing in the Pastora tuff series and in the 
diabase trends in east, northeast, and north directions. The gold 
veins, if they are near or in the tuffs, are strongly influenced in 
strike and dip by the attitude of the tuff beds. 


THE GOLD VEINS. 


Size of Veins and Location of Ore Shoots.*°—The gold quartz 
veins of Venezuela vary in thickness but are commonly 3 to 5 
feet wide where mined. 

The quartz veins in the Cicapra area are typically non-persist- 
ent. The gold in the veins of this district has been introduced, 
often with pyrite, into some fractured portions of the quartz. 
The resulting rich portions of the veins are small pockets, which 
seldom repay prospecting. 

In the Callao area quartz veins are much more persistent. 
Rich ore shoots occur with a horizontal length of 600 to 1,300 
feet and a length down the dip of the vein of 400 to 1,000 feet. 
The axis of the ore shoot in the El Callao mine is that of the 
dip of the vein, but in most of the other veins, of which the Chile 
and Panama are examples, the axes of the ore shoots are more 
or less horizontal. Only a very general cause can be assigned 
for the localization of ore shoots in the El Callao district. 

The vertical limitations of the El Callao shoot were clearly due 
to the favorable structure—the leg of a syncline—coming to an 


18 Data taken in part from our observations but also from N. Paquet, “ L’Or en 
Guyane Venezuelienne, Pub. de la Soc. des Ingen. du Hainaut,” Revue Univ. des 
Mines, 1902-1903; Palacio, M. E., Boletin de la Requeza Publica de Los Esiados 
Unidos de Venezuela, 1891; Munoz, J. M., “The Gold Production and Cost of 
Milling in Venezuela, S. A.,” Eng. & Min. Jour., 27, p. 257, 1879. Also personal 
communications from Dr. Toribio Munoz, the Venezuela Government representa- 


tive of mines in this district. 
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end. The cause of the vertical limits of the Panama, Chile, 
Nacupai, and other similar ore shoots, is entirely unknown, but 
the areal location of two of the most important ones is un- 
doubtedly dependent on a. feature of the fold of which El Callao 
is the center. 

The accompanying generalized sketch map shows the location 
and attitude of these several veins in relation to the numerous 
faults which are occupied by minor veins. These faults with a 
few exceptions appear to be parallel to the bedding planes of the 
tuffs. 

















Fig. 1. Generalized sketch map of area in vicinity of El Callao. 
Arrow at right points N. Several of the rich ore shoots are localized by 
a sharp cross bend in the structure. Many small veins occur in the 
rather steeply folded beds SE. of the El Callao. Little mineralization 
occurs in the west limb of the syncline due, no doubt, to gentle dips in 
the tuffs. 


52 
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Mineral Composition—The veins are composed chiefly of 
massive quartz, with very scanty sulphides as compared with the 
important Minas Geraes veins in Brazil.*° Coarse, fine, and some 
invisible gold are found, though the descriptions of the rich work- 
ings in the past emphasize the large amount of fairly coarse 
gold.*° Pyrite is present continuously but in small amounts. 

The quartz, which comprises about 98 to 99 per cent. of the 
vein fillings, is milky white and coarse-grained, and shows little 
original banding. The coarse gold and pyrite are clearly later 
than the main mass of quartz and have been introduced into frac- 
tured portions of the veins. Small thin veinlets of black tour- 
maline are common along fractures in many of the quartz veins, 
and next to quartz and pyrite it is the most abundant mineral. 
Ankerite and related carbonates are found at some veins now 
being explored near the old Caratal vein. Elsewhere it was seen, 
but in small amount. Amphiboles and pyroxenes are mentioned 
by Paquet as béing present, but none were found during the 
present study. 

Hydrothermal Alteration of the Wail Rock. 
spread alteration is the development of large amounts of jasperoid 
from the tuffs in the vicinity of El Callao. Pyrite, as numerous 
small cubes, has impregnated the rocks for a short distance along 
portions of some of the veins. Ankeritic carbonate locally forms 
veinlets and strongly impregnates the wall rock of veins. Chlo- 
rite and a little sericite are found, the chlorite being so wide- 
spread that it may not be directly related to the mineralization. 

Oxidation.—The basic rocks are greatly decomposed near the 


The most wide- 





surface in most of the mines and prospects visited. This altera- 
tion extends downward to a variable degree, but in general, roots 
of trees appear in decomposed rock down to 30 to 40 feet. Be- 
low this the rock gets more firm but is at times much decomposed 
well below 100 feet from the surface. 


19 Miller, B. L., and Singewald, J. T., Jr., “The Mineral Deposits of South 
America,” pp. 157-163. McGraw-Hill, 1919. 

20 Foster, La Neve., “ On the Caratal Gold Field,’ Quart. Jour. Geol. Soc., 25, 
PP. 336-343, 1869; Jennings, Hennen, “ El Callao Mine,’ Min. and Sci. Press, 111, 
pp. 960-962, 1915. 
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Manganese oxide is reported in the upper zone of some of the 
old mine workings, and some limonite is common. 

The Venezuela Guiana Gold Beit and its Associated Intrusives. 
—The previous description has shown the relations between the 
gold deposits of Venezuela and diabase intrusives. Study of the 
literature reveals the fact that a broad belt of gold deposits several 
hundred miles wide and about 950 miles long extends through 
southeastern Venezuela and the three Guianas, into northeastern 
Brazil, with possibly an extension to include the placers near Para, 
south of the Amazon River. 
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Fic. 2. The Gold Belt of Venezuela, the Guianas, and Northeastern 
Brazil. Exclusive of the Orinoco River, only the gold-bearing or placer 
portions of the rivers are mapped. Mining towns shown by crossed 
picks. Dotted area is diabase, which may extend much farther south 
and southeast than is shown. Data largely taken from Stappenbeck’s 
“Map of the Mineral Deposits of South America.” 


Three Zones of the Gold Belt—This belt consists of three zones, 
a central well-defined one about 80 to 90 miles wide, with num- 
erous streams traversing it but showing placer gold only within 
its limits. The zone to the east, which parallels the coast, shows 
no gold midway of its length, due no doubt to the covering of 
later alluvium in the lower reaches of the rivers which enter the 
sea near Georgetown.” 


21 Harrison, J. B., ‘‘ Geology of the Goldfields of British Guiana,” pp. 9-10. 
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The zone lying west of the central one does not show many 
occurrences of gold. The Roraima series covers a large portion 
of the country in the vicinity of Mt. Roraima, and crosses into 
Dutch Guiana on the upper reaches of the Corantyne River, which 
accounts for the lack of gold deposits in that portion of the zone. 

It has been previously pointed out that Dutch Guiana has three 
northwesterly gold-bearing zones,” and French Guiana two.” 

Basic Intrusives along the Gold Belt-—Basic intrusives are 
coextensive with this broad belt of gold deposits in Venezuela, 
British, Dutch and French Guiana. They consist of diabase and 
diorite, with gabbro which commonly contains hypersthene and 
is gradational to norite.** 

In British Guiana, “‘ The diabase intrusions occur in belts, 
generally stretching across the colony in a northwesterly and 
southeasterly direction. The intrusions vary from narrow dikes 
only exposed in the courses of the rivers in very dry seasons, 
some being not more than from two to three feet across, to low 
hills and to mountain ranges, some of which (for example, the 
Eagle mountains in the Potaro gold district) exceed in height 
two thousand feet.” *° 

Granite and Quartz Porphyry in the Gold Belt—The younger 
diorites and gabbros are traversed in Dutch Guiana, along the 
Nickerie River, by pegmatite dikes containing orthoclase and 
quartz.”° 

Rhyolite porphyry was found in close areal relation to the 
diabase intrusive in Venezuela. In British Guiana, Harrison 
states that: “In many places, especially in the vicinity of the 
larger intrusive masses of diabase, quartz-porphyries and por- 
phyrites having a micropegmatitic groundmass occur.” *' 

22 Percival, J. B., “ Gold Industry in Dutch Guiana, Its Past and Present,” 

Min. & Eng. World, 43, pp. 249-251, 1915. 
23 Bordeaux, Albert F. J., “The Goldfields of French Guiana, etc.,” Trans. 

Am. Inst. Min. Eng., 41, pp. 567-593, 1911. ‘ 
24 Bracewell, Smith, “ Survey of Potaro-Ireng District of British Guiana,” 1927, 

22-24; Cappelle, H. Van, op. cit., pp. 110-146. 

25 Harrison, J. B., op. cit., p. 22. 

26 Cappelle, H. Van, op. cit., p. 32. 

27 Harrison, J. B., op. cit., p. 55. 
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Furthermore, this same author in discussing the granite in- 
trusives of British Guiana and in particular the great Essequibo- 
Cuyuni-Mazaruni granite mass, speaks of the small amount of 
metamorphism it has suffered. Dikes and tongues of aplite, of 
muscovite-granite and of micro-granite intersect the adjacent 
rocks. 

He further states: 


28 6 


These granites appear to be the young- 
est of the basal igneous rocks of the colony, and from Brown’s ob- 
servations . . . may be in parts of more recent origin than the 
sandstone (Roraima) formation.” 


SOURCE OF THE GOLD. 


The nature and cause of the stresses which produced the broad 
northwesterly zone of intrusion, with later faulting and gold 
mineralization in Venezuela and the Guianas, is unknown. 

The arrangement of the mineralization along three more or 
less distinct zones may be due to a similar localization of faulting 
preceding the mineralization. 

In Venezuela abundant quartz veins are known in the granite 
gneisses all over the highland but they carry practically no gold; 
a small amount of gold occurs in numerous veins scattered here 
and there throughout the diabase belt, but the big production of 
gold has come from near the synclinal basins of tuffs which lie 
at least in part above the diabase laccolith. 

The most likely reason for such a relationship is that the tuffs 
have acted as barriers or represented a marked temperature con- 
trast to the underlying diabase and caused the ascending solutions 
to precipitate their gold near the roof of the laccolith. 

The vicinity of the El Callao basin is also a center of intrusion 
of the diabase, which appears to have come up in sill- or dike-like 
masses and spread out laterally to form the laccolith, and doubt- 
less these intrusives furnished ready paths for the later solutions. 
Supporting this idea is the fact that the veins southwest of 
Callao, which dip south as do the contacts of the diabase in- 
trusives and the interbedded tuffs, may be rich, whereas those 


28 Idem, p. 25. 
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which dip north, and hence do not parallel the planes of contacts, 
are generally barren. 

The source of the gold in the Venezuela-Guiana region is gen- 
erally held to be the closely associated diabase rocks.” 

The occurrence of tourmaline in a contact-metamorphosed zone 
adjacent to a quartz porphyry mass at Quebrada de Oro Prospect, 
near Pastora, with the occurrence of similar tourmaline in a 
closely associated gold quartz vein suggests strongly that the more 
siliceous intrusives are closely related to the gold veins. The 
large amount of silica added to the tuffs at El Callao suggests a 
siliceous magmatic source, as does also the presence of tourmaline, 
which is a more common associate of siliceous rocks than of those 
carrying large amounts of iron and magnesium. 

The same magmatic source may well have furnished the dia- 
base, quartz porphyry and later gold veins. 

It is probable that the gold-bearing solutions came from a 
magma chamber that had just given off rhyolite porphyry. It 
is very likely that close examination will show the same relation- 
ship in the rest of the gold belt, judging from the igneous rock 
relations that have been described. 
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29 Cappelle, op. cit., pp. 74-84; Harrison, J. B., op. cit., p. 206. 
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HYDROTHERMAL EXPERIMENTS ON SOLUBILITY, 
HYDROLYSIS AND OXIDATION OF IRON 
AND COPPER SULPHIDES. 


FRED FOREMAN. 
INTRODUCTION. 


THE manner in which the metallic sulphides are carried in hydro- 
thermal solutions has troubled geologists for a long time. A 
survey of the literature shows that there are three ways in which 
transportation is thought to occur. Either the simple sulphide 
is soluble as such in the solutions, Or as a soluble double sulphide 
of the heavy metal and an alkali, or the heavy metal is carried as 
some other salt which is not a sulphide. 

The initial object of these experiments was to measure the solu- 
bilities of iron and copper sulphides under conditions similar to 
those in which these sulphides are thought to have been trans- 
ported. Because the effects of hydrolysis and oxidation were so 
apparent in the first experiments, it was decided to find quantita- 
tively the extent of hydrolysis and oxidation by determining the 
amounts of H.S gas evolved. 

The common association of sulphides with iron oxides sug- 
gests that these chemical reactions occur frequently in hydrother- 
mal environment. 


PREVIOUS WORK. 

As early as 1836 Regnault * carried on experiments to deter- 
mine the action of steam at red heat temperatures on the sulphides 
of iron and copper. In these experiments, steam was carried 
over the sulphides and the products of the reaction for pyrite were 


1 Part of dissertation submitted to the Graduate Faculty of the University of 
Minnesota, in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

2 Regnault, Annales de Chim. et de Phys., vol. 62, p. 378, 1836. 
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hydrogen, hydrogen sulphide, and magnetite; for chalcocite, hy- 


drogen, hydrogen sulphide, and metallic copper. The iron sul- - 


phide was found to be much more active than the copper sulphide 
in decomposing the steam to give hydrogen and hydrogen sul- 
phide. 

Mm. Ph. de Clermont and J. Frommel* also investigated the 
action of water on the metallic sulphides but at lower tempera- 
tures than was done by Regnault. They heated some metallic 
sulphides with water in a vacuum so that the pressure in the ap- 
paratus would be the vapor pressure of water at the given tem- 
peratures and found that many of these give off hydrogen sulphide 
at a relatively low temperature, as is shown below: 


SET ae ae a ee a re HS given off at 22°. 
Biilinewerign ote See eee nee in) Pe HS given off at 56°. 
CEES AAT: ESE Go 25 EOS RR gS Gs oo ne H.-S given off at 89°. 
SSMIDMGe. OF WARTMONY 9.05255 silks s oes oe Se es es H,S given off at 95°. 


Clermont and Frommel interpreted this as being the vapor tension 
of the sulphur of the sulphide of these metals when heated with 
water in a vacuum. A division of the sulphides of the metals 
was also made according to whether or not they dissociated water 
to give hydrogen sulphide. Those that do dissociate water are 
the sulphides of Fe, Ni, Co, Sb, Sn, As, and Ag, and those that 
do not, the sulphides of Cu, Hg, Cd, Au, Pt, and Mo. 

Sulphides of antimony and silver were found to yield hydrogen 
sulphide by Mm. Ph. de Clermont and H. Guiot.*. The penta- 
sulphide of antimony on boiling with water gave hydrogen sul- 
phide as also did the sulphide of silver but much less in quantity, 
whereas the sulphide of lead gave no hydrogen sulphide. M. 
Armand Gautier * has done the most work on the altering of 
metallic sulphides by water vapor. He, too, found that steam at 
red heat passed over iron sulphide gave hydrogen sulphide. The 
iron sulphide was changed to ferrosoferric oxide. Siderite acted 
on by steam under like conditions gave Fe;O,, Fe,O;, H, and 


3 Annales de Chim. et de Phys., 3d series, vol. 38, p. 268. 
4 Compt. Rend., vol. 85, p. 404, 1877. 
5 Compt. Rend., vol. 132, p. 189, 1901. 
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CO,. Ina further study ° of the same reactions he found that at 
a comparatively low temperature the following reaction took 
place : 


3FeS + 4H.O = Fe,O, + 3H.S + Hz 


and at red heat the mixture of hydrogen and hydrogen sulphide 
gases contained from 76 to 65 parts of H. and 22 to 32 parts of 
H.S. Cuprous sulphide was subjected to like treatment, and 
when super-heated steam was carried over it, it gave a mass of 
needles of metallic copper coated on the outside with black Cu.S, 


Cu.S + 2H.O = 2Cu + SO. + 2H.. 


The same author ‘ found that the ferrous salts of iron in con- 
tact with water vapor at red heat and sometimes even below red 
heat changed to ferric salts, to ferric or ferro-ferric oxides, hy- 
drogen being given off; iron sulphide changed to magnetite and 
the chlorides, carbonates and silicates of iron to oxides or ferro- 
ferric or ferrous silicates. Gases of volcanic emanations he sup- 
posed were derived from these and similar reactions. 

Among a series of experiments that had to do with the factors 
governing the action of copper in electrolytic solutions, C. F. 
Tolman and J. D. Clark * put pyrite in a sealed tube with water 
for three months at a temperature of about 41° and found some 
H.S gas present when the tube was opened; but they do not state 
what kind of an atmosphere was used in the tube. Some of the 
earlier work on the solubilities of iron and copper sulphides is 
quite confusing. According to S. F. Emmons °® the metallic sul- 
phides are soluble in waters that contain alkaline sulphides or 
hydrogen sulphide, and he assumes because solfataric waters are 
known to contain these compounds that “the iron and lead at 
least were actually brought in as sulphides.” Becker *® found 

6 Compt. Rend., vol. 142, p. 1385, 1906. 

7 “La genése des eaux thermales et ses rapports avec le volcanisme,” Annales des 
Mines, 6 ser., vol. 9, pp. 316-370, 1906. 

8“ Copper in Electrolytic Solutions,” Econ. GEro., vol. 9, p. 570, 1914. 


9U. S. Geol. Surv., Mon. 12, p. 563, 1887. 
10U. S. Geol. Surv., Mon. 12, p. 432, 1888. 
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that at room temperatures one part of pyrite was soluble in eight- 
een hundred parts of 1.5 molar Na.S solution. Doelter’s™ re- 
sults are still more surprising: 100 parts of water dissolved 0.10 
per cent. of pyrite, and in a solution of Na.S of unstated molarity 
the pyrite lost 5.03 per cent. Fe and also showed a growth of 
new pyrite cubes. 

More recent investigators give solubilities that are much less 
than those given above. Using conductivity methods, O. Weigel ** 
found that at 18° C. the solubilities of the heavy metals in water 
were in moles X 10° per liter, natural pyrite 48.89; artificial 
pyrite 40.84, pyrrhotite 53.6, Cu,S 3.1. R. C. Wells” gives a 
table of calculated solubility products that were computed by 
Burner and Zawadzki for some of the sulphides. In each case 
the solubilities are much less than those found by Weigel, for 
FeS the solubility in water in moles per liter I.g X 10? and for 
CuS 2.9.10. 

H. Freeman** thought that the solubilities of the simple sul- 
phides in water were far too small to have formed some of the 
large sulphide deposits but they could be formed from soluble 
double sulphides of the heavy metals and sodium. He fused 
metallic sulphide with Na.S and formed double sulphides; when 
dissolved in water some of these double sulphides, among which 
was iron-sodium sulphide, “ are soluble in water in their entirety,” 
although no mention is made as to how this was ascertained. In 
others, among which was copper-sodium sulphide, the sodium 
sulphide molecule was soluble while the heavy metal sulphide was 
insoluble. ‘‘ The result is an entirely fine (colloidal) suspension 
of the latter. On the removal of the soluble sulphide (electro- 
lyte) by washing and settling, the colloidal state of the metal sul- 
phide may be made to persist. On the other hand, the continued 
presence of the electrolyte precipitates metal sulphide gel.” For 
the soluble double sulphide it was necessary for an oxidizing 
agent, either CO, or air, according to Freeman, to oxidize the 
Na.S before the heavy metallic sulphide could be precipitated. 


11 Tschermaks. Min. und Pet. Mitt., New Ser. 11, pp. 321-324, 1889-90. 
12 Zeit. Phys. Chem., vol. 58, p. 299, 1907. ° 

13 U. S. Geol. Surv., Bull. 609, p. 14. 

14 Eng. & Min. Jour., vol. 120, 25, pp. 973-074, 1925. 
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HYDROTHERMAL EXPERIMENTS ON SOLUBILITY. 815 


MINERALS USED. 


The minerals used in the following experiments were chalcocite, 
pyrite and pyrrhotite. The chalcocite was made artificially from 
copper precipitated electrolytically from pure copper sulphate, 
which was then cut into small pieces and intimately mixed with 
sulphur. This mixture was put into a graphite crucible and 
heated to a red heat over a Bunsen flame. To protect the sulphur 
from the flame the crucible was fitted into an asbestos board so 
that its lower part projected; reaction of the copper and sulphur 
with the air was prevented by covering the top of the crucible, 
which had been rubbed flat, with an unglazed porcelain plate. In 
the center of this plate was an inch hole into which fitted a hard 
glass tube which allowed the sulphur vapor to escape. The mix- 
ture was heated to dull red heat for six hours, then more sulphur 
added and heated another six hours; this process was repeated 
two more times, at the end of which time the material in the 
crucible seemed to be homogeneous. Under a binocular micro- 
scope it was seen to consist of small steel-gray octahedrons; an 
analysis gave Cu 79.76 per cent., S 20.15 per cent., Fe—trace. 
The idea for this method was obtained from C. B. Carpenter and 
C. R. Hayward.” 

Several attempts to make artificial pyrite were made before a 
successful product was obtained. In the first attempt hydrogen 
sulphide was passed over ferric chloride heated to a dull red heat. 
The hydrogen sulphide gas was passed over the chloride for four 
hours; this produced a yellow, metallic-looking sulphide. An 
X-ray analysis by the powder method gave a pattern very similar 
to that described by C. Fontana ** as 


3FeS + S = Fe,Sy. 


In a second attempt a pyrex tube was partially filled with Fe.O; 
and H.S was passed through for 30 hours at a temperature of 
575° + 10°; at the end of this time the material had a metallic 
lustre but under the microscope it seemed to be a mixture; the 


15 Eng. & Min. Jour., vol. 115, p. 1056, 1923. 
16 Atti Reale Acad. de Lincei, ser. 6, vol. 5, no. 8, p. 580. 
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experiment was continued 24 hours longer but the material was 
no more homogeneous than before, so it was discarded. 

Then a method by which F. Wohler ** made pyrite was tried. 
Precipitated red ferric oxide was mixed with an excess of sulphur 
and ammonium chloride, and heated for eight hours at a dull red 
heat in a graphite crucible. A apparatus was used similar to that 
in which the chalcocite was made. More sulphur and ammonium 
chloride were then added and the mixture heated again; this was 
repeated two more times; the residue then seemed to be a sulphide 
and gave a good X-ray pattern by the powder method for pyrite. 
Because this product did not appear to be absolutely homongene- 
ous, and before the X-ray pattern had been taken, a fourth method 
was tried which was very simple and gave a large amount of very 
homogeneous material. Molecular amounts of powdered iron 
which had been reduced in a hydrogen atmosphere, and sulphur 
were mixed intimately, placed in a pyrex tube, the air in the tube 
was replaced by CO, and the tube sealed. This was then heated 
twelve hours at a temperature of 575° C. + 10° at the end of 
which time the product in the tube appeared to be a metallic 
yellow homogeneous crystalline mass. This gave an excellent 
X-ray pattern by the powder method and when compared to an 
X-ray pattern of natural pyrite from Elba, no lines were to be 
seen in the film from the artificial product which were not seen in 
that of the film of natural crystalline pyrite. This material was 
very fine grained, however, and even under the microscope the 
individual crystals could not be definitely seen. 

Most of the pyrite used in the experiments was of the natural 
variety from an excellent cube of unknown locality. An analysis 
of this natural pyrite gave sulphur 53.22 per cent. and iron 47.01 
per cent. 

No satisfactory artificial pyrrhotite was made although two or 
three methods were tried. The material used in these experi- 
ments came from the Creighton Mine, Sudbury, Ontario. Some 
likely pieces of about fifteen grams weight were taken and polished 
on three sides, and examined carefully under a reflecting micro- 


17 Ann. Chem. Pharm., vol. 17, p. 260, 1836. 
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HYDROTHERMAL EXPERIMENTS ON SOLUBILITY. 817 


scope, and one that seemed to be practically pure pyrrhotite was 
selected. .An analysis gave sulphur 39.64 per cent., iron 59.47 
per cent., nickel—trace, copper—trace. 


PREPARATION OF MINERALS FOR EXPERIMENTS. 


The minerals were broken to a coarse powder under alcohol in 
an agate mortar. Grains of an approximate equal size were ob- 
tained by sifting the powder through silk screens. The fine 
sieve of No. 9 silk bolting was about 100 mesh, the coarse sieve of 
No. 50 Gritz gauge was about 40 mesh. Material that would go 
through the coarse sieve and not through the fine sieve was used 
in the experiments. The sides of the sieves were of cardboard 
and the sifting operation was carried out in a glass container in 
a CO, atmosphere. Fresh sieves were used for each mineral. 

The powder was placed in rubber-stoppered glass bottles in a 
CO, atmosphere. These precautions were taken to insure against 
oxidation. 

About .2 gram of the mineral was used in. each experiment; 
this was found to be ample material to give a maximum amount 
of reaction. 

The experiments run at 100° C. were heated on an electric hot 
plate, those from 150° up to 210° in an electric oven with a 
Bristol Company thermostatic control; this control was checked 
against a thermometer and the variation was found to be not more 
than 2° either way. Above 210° the heating was done in a gas 
furnace which had an automatic gas control, the temperature was 
determined by a thermocouple and did not seem to vary more 
than 5° from the given temperatures. 


APPARATUS. 


Because the determinations of the solubilities could not be made 
at high temperatures the sulphide grains were placed in a capsule 
so that if any of the material which was in solution at high 
temperatures precipitated out on cooling, it would be separate 
from the sulphide grains. 

It was imperative that these capsules be of a metal which would 
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not react with sulphur to give a sulphur compound. The only 
metals which fulfil this condition are gold and platinum. Two 
of these containers were made, each of which consisted of a 
number 7 and a number 8 seamless gold shell of 22K gold such 
as is supplied to dentists. These were % inch long and about 
34 inch in diameter, the smaller fitting snugly into the larger. 
The ends of each of these were removed and 100 mesh platinum 
screen was soldered in with 20K gold solder; this allowed the 
solution to get to the powder but retained the powder in the con- 
tainer. 

The sulphides were heated with water, with 1/10 molar 
NaHCO; and with 1/10, 1, and 3 molar Na.S solutions. 

For temperatures of 100°, a 500 cc. Florence flask was used 
and 150 cc. of solution. The flask was fitted with a rubber 
stopper, and in the stopper were two holes into which glass tubes 
entered. One of these tubes was four feet long and acted as a 
reflux condenser; on the upper end was a valve which allowed 
gas to escape but prevented air from entering. By means of the 
other tube CO: was bubbled through the solution. Asbestos 
paper was placed around the flasks to protect against any effects 
of direct light. These were kept at a slow boil all the time the 
experiments were being run. 

It was found, however, that much more S and Fe were in the 
solution at the end of the experiment and the materials much 
more altered than was thought proper. The cause of this was 
deemed to be the rubber stopper. It was replaced by a ground 
glass stopper into which the glass tubes were sealed ; otherwise the 
apparatus was the same as before. All the experiments tabulated 
under temperatures of 100° C. were run in this second type of 
apparatus. 

For temperatures of 150° and up to 210° pyrex glass tubes 


f 


were used. These were of ™% inch inside diameter, with walls 
approximately 1 inch thick and fitted with two capillary tubes 
(Fig. 1). The sulphide was put into the dry tube, the tube 
sealed and the liquid forced through one of the capillaries into 
the tube. The solution was then boiled to expel any oxygen, 
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during which time, and until the liquid had cooled again, gas, 
either CO, or N, was slowly bubbled through the liquid. The 
ends of the capillaries were closed by means of a rubber stopper 
and the capillaries were then sealed off. 

















Fic- 1. 


For temperatures above 210° a special type of bomb was con- 
structed similar to that used by Allen, Crenshaw, Johnston and 


Larsen.** Pyrex tubes of 14 inch inside diameter and 1/16 inch 
wall, 12 inches long, were used to contain the liquid. They were 
filled and sealed, placed in a steel bomb, the space between the 
bomb and the table was filled about one third full of water and the 
bomb cap screwed down. The pressure of the water outside the 
glass tube equalized the pressure of the liquid inside the tube. To 
make a tight seal a copper disk 3/16 inch thick was placed over 
the open end of the steel tube; above this was a steel disk %4 inch 
thick with a slightly rounding top. When the top was screwed 
down on the bomb this steel disk with the rounding top pressed 
down on the copper disk; because the top was rounding the pres- 
sure was equally distributed over the copper disk. As the bomb 
was heated, the copper, because it has a coefficient of linear ex- 
pansion greater than steel, automatically made the fit tighter as 
the temperature was raised. The glass tubes whitened and were 
decomposed above 320°. 

For temperatures higher than 320° a metallic bomb was used. 
The first one tried consisted of a copper tube electrolytically plated 
with gold on the inside and surrounded by a steel bomb to give 
greater strength; it was sealed by a gold-plated copper disk in the 


1s“ Mineral Sulphides of Iron,” Amer. Jour. Sci., vol. 33, Pp. 172, 1912. 
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same way that the above tubes were. Because of the difference 
in expansion between the gold and copper, the gold plate flaked 
away from the copper and spoiled the tube. 

A solid gold shell was then tried in the place of the plated copper 
tube (Fig. 2). This also had a flange on the outer edge of the 
open end. Onto this flange came a platinum disk which was 
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backed by a copper disk and then a steel disk as in the preceding 
bomb. The shell was 22K gold, and blank tests run with water 
showed no test colorimetrically for Cu or Fe. NaHCO, and 
Na.S solutions were not used in this bomb, but with water it held 
quite successfully up to 360°. 


ANALYTICAL METHODS USED. 


The H.S in the freshly opened tubes was first noticed by smell 
and then by testing with lead acetate on moist filter paper. Be- 
cause the amount of H.S gas in the tube indicated the extent of 
the reaction of the liquid with the sulphide, quantitative tests of 
this gas were made. The gas was driven out of the tube through 
the capillary and bubbled through .o1 N iodine solution and 
titrated against .o1 N Na.S.O; after the manner described by 
Treadwell.*® The method of removing this gas was as follows: 
A rubber tube was fitted tightly over the capillary of the tube and 
fitted into the other end of this rubber tube was another capillary 
which led to the bottom of the iodine solution. This iodine 
solution was in a narrow vessel so that the gas had to travel 
through about ten inches of liquid before escaping. A scratch 
was made on the capillary of the pyrex tube before pulling the 
rubber tube over it and then the end of the capillary, which had 


19 Treadwell-Hall, “ Analytical Chemistry,” 7th ed., vol. 2, p. 583. 
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HYDROTHERMAL EXPERIMENTS ON SOLUBILITY. 821 
been pulled out in sealing, was broken off and the gas driven past 
it through the iodine solution by heating the solution in the tube 
to boiling. Each time that a determination was run a blank also 
was run so that any slight change in the I or Na.S,O,; solution 
would not spoil the determination. 

















: 
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Fic. 3. Pyrex tube equipped with capillary valve to allow slow escape 
of gases. 








The iron was first oxidized by potassium permanganate and 
then determined colorimetrically by the sulphocyanate method as 
described by Scott.” This test is very sensitive and will show 
one part of iron in fifty million parts of water. 

The copper was determined colorimetrically by the Ferro- 
cyanide method, Scott.** This method is not as sensitive as the 
former but will show one part of copper in two and a half million 
parts of water. After the experiment the grains of sulphide were 
examined under a binocular microscope. 


20 “ Standard Methods of Chemical Analysis,” vol. 1, p. 258. 
21 Op. cit., p. 198. 
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EXPERIMENTS. 


In the following tables the experiments have been recorded in 
an easily understandable form.” In the first column the tempera- 


Sn? 1 SLek s dienes ocehas oes. I atmosphere 14.7 lbs. per square inch 
SNe Soe ee eer 4.698 atmospheres 65). 3 “ “ 
165° POS CORE EWE ERT 6.916 ” 102 = ne és “ 
BIO e su ck Ree Se Saw ees oe 18.823 * 279 = so " “ 
SEO? ca ete atwuasr toncabat ete 39.234 * 577 “ “ “ 
BERS AG wa SSA She Ae RES 68.208 ie 1003 ” = sd ss 
BEN PA, i tas ia ot kee wee Siecle 97.40 « 1433 “ “ “ 
SSB Y ace ae ae et 111.43 i mae. ot «“ “ 
BER> hv cecsasauesse se ten eons 163.16 ” 2397 “6 “ “ 


The presence of an electrolyte as NaHCO, and Na\S changes the vapor pressure 
of the water but in the 1/10 N solutions used this would not be great. 


tures in degrees centigrade are given, in the next column the 
amount of the metal, either Fe or Cu, in parts per million found 
in the solution at the end of the experiment, when the temperature 
of the solution was that of the room. The third column gives the 
kind of gas used to displace the air in the tube, and the fourth the 
time in hours that the tube was at the designated temperature. 
The number of moles of H.S that were found in each tube is 
given in the fifth column. In the sixth this is translated into the 
amount of the metal in parts per million that would be in the 
solution if the amount of sulphur in the H.S had released the 
metal of the sulphide into solution. In the seventh column the 
state of the solution is given: N, neutral; A if acid; Alk if alka- 
line; this was determined by litmus paper after the H.S gas had 
been boiled off. General observations that may be of interest are 
given in the last column. _ Each tube had approximately 45 cc. 
capacity and 10 cc. of liquid was used in each tube. 


22 The following is the table of Vapor Pressure of H,0 at the temperatures used 
in these experiments. (Critical Tables, pp. 212 and 223, Vol. III.) 
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Tem- | Sol. of Fe Time a, we State 
pera- in Pts. Gas. in of HeS in Pts. of Observations. 
ture. per Mil. Hours. in Puhe: per Mil. Sol. 
100° 0o COz 182 A Grains unaltered. 
150° .02 COs: 144 3.3 13.1 N Slight iridescent tar- 
nish on grains. 
165° .04 CO, 120 5.8 32.4 N Grains with reddish 
iridescent tarnish. 
210° 00 CO2 96 7.6 42.4 
.04 CO. 72 4.6 26.2 N Brown tarnish on 
grains. 
250° 00 N 14 5.8 32.4 N Brown tarnish on 
grains. Tube slight- 
ly etched around 
water line. 
agee 16 N 12 6.9 38.5 N Grains with brown tar- 
nish. Tube etched 
above water line. 
310° 14 Co 12 11.5 64.2 N Dark brown tarnish on 
grains, tube whit- 
ened chiefly above 
water line. 
320° -33 N 8 iz.5 64.2 Dark brown tarnish on 
36 CO2 8 10.6 59.2 N grain. Tube whit- 
ened considerably. 
| TABLE 2. 
PYRRHOTITE IN 1/10 MOLAR NAHCOs. 
Tem- | Sol. of Fe Time Lege be Beauly. State ; 
pera- in Pts. Gas. in of HeS aa es of Observations. 
, ture. per Mil. Hours. in tinbe: per Mil. Sol. 
100° 00 CO, 192 A Slight brown tarnish 
| on grain. 
210° .08 CO2 96 4.9 27.4 Brown tarnish on 
> .06 COs 96 2.9 15.1 N grains. Solution 
clear. 
250° .03 CO2 15 3.6 20.1 N Brownish red tarnish 
00 N 12 spoiled Ongrains. Tube 
etched above liquid. 
1 Solution clear. 
295° 18 N 12 29 15.1 N Brown iridescent tar- 
nish on grains. 
Tube whitened. 
Tube decomposed. 



































TABLE 3. 


PYRRHOTITE IN 1/10 MOLAR NajS. 
























































Tem- | Sol. of Fe Time a, Fe —_- State 
pera- in Pts. Gas. in of ILS a Pts. of Observations. 
ture. per Mil. Hours. hn anube, per Mil. Sol. 
100° 00 CO: 192 N Grains unaltered. 
Mass of soft silica 
flakes in flask with 
opaline lustre when 
dry. 
210° 00 COQ, 96 3.6 20.1 Alk | Grains with very slight 
brown tarnish. 
250° 00 N 12 5.4 30.2 Alk | Iridescent brown tar- 
nish on grains. 
Tube etched above 
solution level. 
275° 00 N 12 4.9 27.4 Alk | Brown limonitic tar- 
nish on grains. 
Tube etched, chiefly, 
above water line. 
310° 00 N 12 5.8 32.4 Alk | Brown tarnish on 
grains. Tube whit- 
ened. 
TABLE 4. 
PyriTE + H.20O. 
Tem- | Sol. of Fe Time Lye eae State 
pera- in Pts. Gas. in in iLs 5 Pts. of Observations. 
ture. per Mil. Hours. in Tube: per Mii. Sol. 
100° Sh CQO2 192 Grains unaltered. 
15 CO2 144 A Solution clear. 
150° 07 COs 144 00 00 Grains unaltered. 
.05 COs 120 00 00 N Solution clear. 
165° .04 CO: 120 2.3 6.4 Slight iridescent red- 
dish tarnish on 
grains. Solution 
clear. 
210° .04 N 96 4.9 13:7 
.07 CO: 96 9.2 25:7 Reddish limenitic tar- 
.04 CO: 72 4.6 1351 I nish on grains. 
Solution clear. 
250° 04 COz 15 a4 19.8 N Grains coated with 
reddish tarnish. 
Tube slightly etched 
above water. 
275° .06 N 12 7.60 21.2 N Red limonitic tarnish 
on grains. Tube 
etched chiefly above 
liquid. 
310° 24 CC2 12 11.0 30.7 N Red tarnish on grains, 
tube whitened espe- 
cially above water 
line. 
320° 24 CQ: 10 18.4 51.3 N Red tarnish on grains, 
tube whitened. So- 
, lution clear neutral. 
350° 26 CO. 6 Gcld bomb used, no 
a5 CQ: 9 Present N HeS_ determination. 
Solution clear. 
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TABLE 5. 
ARTIFICIAL PyriTE + H:O. 
Mol | Fe Equi 
Tem- | Sol. of Fe Time ip Sh gar ‘Saiuey 4 State 
pera- in Pts. Gas. in Pe = = 9 of Observations. 
ture. per Mil. Hours. in Tube. per Mil. Sol. 
100° -64 CO2 192 A Material unaltered. 
150° -40 CO. 96 00 00 N Material unaltered. 
Solution clear. 
165° .48 COs: 96 1.4 3-9 N Material slight limo- 


nitic tarnish, solu- 
tion clear. 



































210° -45 CO: 72 6.7 18.7 
.60 2 72 7.1 19.8 N Red tarnish on pyrite. 
250° 72 N 15 6.7 18.7 N Red tarnish on pyrite. 
Solution slightly tur- 
bid. 
TABLE 6. 
PyRITE IN 1/10 MOLAR NAHCOs. 
| | ‘ . 
Tem- | Sol. of Fe es Time Ege ———_ State ; 
pera- in Pts. Gas. in of H:O in Pts. of Observations. 
ture. per Mil. Hours. in Tube. per Mil. Sol. 
100° .02 CO. 192 A Grains fresh. 
210° 04 COs 72 3-6 10.05 N Grains with thin limo- 
.03 CO2 96 4.6 | 13.1 nitic tarnish. Solu- 
tion clear, neutral. 
250° 00 N 15 7.0 19.50 N Reddish tarnish on 
.07 CO: 15 7.0 19.50 grains. Solution 
clear. Tube slightly 
etched above water 
level. 
275° .09 N 12 4.6 13.10 A Brownish red tarnish 
On grains. Tube 
whitened. 
310° .05 N 12 4.6 13.10 A Red tarnish on grains. 
Tube much whit- 
ened. 
320° .24 CO: 14 Present N Gold bomb used. So- 
lution clear. 
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TABLE 7. 


PyRITE IN 1/10 MOLAR Na2S. 


















































Tem- | Sol. of Fe Time | ,icls, | Pe Haulv- | state 
pera- in Pts. Gas in of HeS Ha ae of Observations. 
ture. per Mil. Hours.| in Tube. per Mii. Sol. 
100° 00 CO2z 192 N Solution clear, flakes 
of silica in tube, 
opal-like when dried. 
wt. = .0960 g. 
Flask unetched. 
210° 00 N 23 00 00 Alk | Solution slightly tur- 
bid. Grains unal- 
tered. 
250° 00 CO: 15 3-5 8.65 Alk | Slight limonitic film on 
grains. Tube whit- 
ened around solu- 
tion level, slightly 
turbid. 
275° .04 N 12 7.6 21:2 Alk | Reddish film on grains. 
Tube whitened. So- 
lution turbid. 
320° CO2 Alk | Tube decomposed and 
whitened. 
TABLE 8. 
PyriTE + NaS. 
Tem- | Sol. of Fe Time | Normality 
pera- in Pts. Gas. in fe) Observations. 
ture. per Mil. Hours.} Solution. 
r75° 00 N 20 1 Molar | Natural pyrite. Tube etched, solution 
slightly turbid. Pyrite unattacked. 
H:2S in tube. ; 
200° Air 20 1 Molar | Natural pyrite. Tube blew up at end 
of 20 minutes. 
175° 00 N 3 Molar | Natural pyrite, solution-yellow, tube 
etched giving greenish silica flakes. 
Pyrite unattacked, microscopic glob- 
ules of greenish silica in tube with 
pyrite, possibly sodium silicate with 
iron. Yellow solution not due to Fe. 
H2S in tube. 
175° 10.0 N 20 3 Molar | Artificial pyrite. Solution yellow, tube 
etched giving greenish silica flakes. 
Yellow solution not due to iron. HS 
present. 
200° N 3 Molar | Natural pyrite. Tube blew up at end 
of 30 minutes. 
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TABLE o9. 


CHALCOCITE IN H:O. 
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eae) 
Tem- | Sol. of Cu Time | ve | ee State | 
pera- in Pts. Gas. in ams | 4a Pts. fine. f Observations. 
ture. per Mil. | Hours. in Tube: | per Mii. | Sol. 
100° 2.0 COz | 192 A |Grains unaltered. 
| | Solution clear and 
| | | acid. 
150° 00 COz | 96 | oo 00 N |Grains unaltered. 
| Solution clear. 
165° 00 COz 96 | 00 00 N Grains unaltered. 
| | | | Solution clear. 
210° | 00 COz | 96 00 00 | N Grains unaltered. 
43 COs | 72 | 00 00 Solution clear. 
oo | N 72 00 | 00 
.30 | COs 
250° | 40 |N | 14 | 6.7 85.2 N_ | Grains with slight iri- 
| | descence on them. 
| | Solution clear, tube 
| | | | | slightly abcve water 
| | | | level. 
275° | 4.9 N | 12 | <a 67-4 | N_ | Iridescent red tarnish 
| | | | on grains Solution 
| | slightly turbid. 
| | Tube whitened 
| } chiefly above water 
| | | level. 
310° 8.2 COz | 24 | 9-5 | 120.7. | N_ | Red tarnish on grains, 
solution turbid. 
| | | | | Tube whitened. 
TABLE io. 
CHALCOCITE IN I/10o MOLaR NAHCOs. 
————— i —— — ——— 
Tem- | Sol. of Cu Time bear er oi State : 
pera- in Pts. Gas in of Hes in Pea. of Observations. 
ture per Mil. Hours in Tube: per Mil. Sol 
| | 
ees eee ee — =a a 
210° 00 I | 72> 1 00 | A No change in grains. 
250° 00 CO: | 14 5-3 | 67.4 | N Slight iridescent tar- 
| | nish on grains, tube 
| | slightly etched 
| above liquid. Solu- 
| tion clear. 
275° 5.0 N 12 | 9.0 114.4 N_ | Slight red tarnish on 
| some grains, tube 
| | etched. Solution 
| | clear. 
310° 9.8 N 10 | 28 | 356.0 A Red iridescent tarnish 
| | | on grains, tube whit- 
| ened, solution slight- 
| ly turbid-acid. 
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TABLE 11. 


CHALCOCITE IN 1/10 MOLAR NaS. 

















Tem- | Sol. of Cu Time ee aa State L 

pera- in Pts. Gas. in of HeS ites of Observations. 

ture. per Mil. Hours. in Tube. per Mil. Sol. 

210° 00 CO2 96 a4 35.2 N Grains unaltered. 
Solution clear. 

250° 00 N 12 3.6 45-7 Alk | Slight iridescent tar- 


nish on grains. 
Tube slightly etched 
above liquid. 

275° 00 N 12 13.5 171.6 Alk | Iridescent red tarnish 
On grains, tube 
etched slightly 
above liquid level. 
Solution turbid. 





310° 3.0 N 12 18.0 228.0 Alk | Reddish tarnish on 
grains. Tube whit- 
ened. 























DISCUSSION OF TABLES. 

Table 1.—The reaction of pyrrhotite with water at the condi- 
tions of pressure in the tubes begins around 150.° No limonitic 
film appears on the surface of the grains before the H.S gas is 
generated ; this is true with the pyrite also, and there is no sudden 
increase of the iron in the solution with the initial generation of 
the H.S gas. If an oxide or hydroxide is formed with the iron 
of the sulphide, one of the following may give the reaction. 

2FeS + 6H.O = 2Fe(OH); + 2H.S + H: 
or 
2FeS + 3H.O = Fe.O; + 2H.S + Hz 


3FeS + 4H.O = Fe,0, + 3H.S + H.. 


It is also possible that an insoluble basic iron sulphate may be 


formed, which is in many cases brown or reddish. 

No great difference was to be noticed when the gas in the tube 
was CO, or N, although there is a tendency for the solubility of 
the iron to be less with a nitrogen atmosphere. 

With the pyrrhotite, as with the pyrite and chalcocite, the de- 
termined increase of H.S in the tube is erratic with increase of 
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temperature, but this might be expected where such small quanti- 
ties of gas were involved. However, there is a definite tendency 
to yield larger amounts of the gas at the higher temperatures and, 
when volumes of gas are plotted against the temperature, the 
curve seems to be a straight line. Evidently it is the temperature 
and not the pressure that controls the amount of gas given off 
under these conditions. The solubility of the metal in the solu- 
tion shows the same tendency to increase with rise in tempera- 
ture, although why the amount should be greater in those tubes 
which were heated to the higher temperatures is somewhat prob- 
lematical, since all the solutions were at room temperature when 
analyzed. Possibly not enough time was given for precipitation 
to take place, or complex ions might have formed, or even the 
silica of the glass which was more attacked at the higher tempera- 
tures might act as a protective colloid. But it should be noted 
here that when the gold bomb was used the solubilities were about 
the same and although the H:S could not be determined the 
amount of oxidation on the grains was also about the same as in 
the glass tubes at comparable temperatures. In all cases the 
amount of metal that was found in the solution was much less 
than there would have been if the amount of sulphur in the H.S 
had released the metal of the sulphide into solution; also at no 
time was there any precipitation of the oxide on the tube but 
always on the grains of sulphide themselves, which seems to 
indicate that the generation of the H.S and the precipitation of 
the oxide or hydroxide occurred simultaneously on the surface 
of the grains of the sulphide. 

The amount of iron found in the solution is much less than that 
given by Weigel * but greater than calculated by Bruner and 
Zawadski.** 

Table 2.—Table 2 is rather anomalous in the amounts of H.S 
given off and in the solubility of the Fe. No explanation can be 
given for this peculiar behavior except possibly that there might 
be variation in the composition of the pyrrhotite, or the reaction 
of the solution with the glass might be responsible. 


23 Op. cit. 
24 Op. cit. 
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The glass of the pyrex tubes was more whitened with the 
NaHCO; than with the water or the Na.S solution. 

Table 3.—With the 1/10 molar Na.S solution there is a lower- 
ing of the amount of iron in solution. This is quite different 
from the figures given by C. Doelter ** or by Baker.** 

The amounts of H.S determined from the sodium monosul- 
phide solutions may not all be due to the reaction that occurs be- 
tween the solution and the pyrrhotite grains on account of hy- 
drolysis between Na.S and H.O as follows: 


Na.S + H.O = NaHS + NaOH 
and 


NaHS + H.O = H.S + NaOH. 


This second reaction is very slight; in fact H. N. Stokes ** states 
that H.S is not liberated from alkaline solutions unless CO. 
is present and even then the reaction quickly comes to equilibrium 
unless the H.S is removed. 

However, if the tarnish on the grains is taken as an indication 
of the amount of reaction between the sulphide and the solution, 
then it will be seen that reaction does take place although it starts 
at higher temperatures than in the other experiments. This is 
also true of the reaction between the NaS solution and pyrite or 
chalcocite. 

Table 4.—The reaction of natural and also of artificial pyrite 
with water seems to begin around 165° at the pressures existing 
in the tubes. If the reddish tarnish formed with the iron is an 
oxide or an hydroxide and not a basic sulphate the following are 
the probable reactions: 


3FeS. + 6H.O = 6H.S + FeO, + O,, 
4FeS, + 40. = Fe;O, + 8S 
or 
12FeS, + 24H.O = 6Fe.O; + 24H.S + 30:2, 
4FeS. + 30. = Fe:.O; + 8S 
25 Op. cit. 
26 Op. cit. 


27 Econ. Geol.., vol. 2, p. 20, 1907. 
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or 
4FeS. + 14H.O = 4Fe(OH); + H.S + O., 
4FeS. + 30. = 2Fe.O; + 8S. 
The sulphur formed by these reactions may then react to form 
other compounds. C. F. Tolman, Jr., and J. D. Clark ** found 


that amorphous sulphur may be a precipitant of copper sulphides, 
or it may react with water after the equation 


S + H.0 = H.S + SO, 
or it may even react with the alkalies ** to give sulphide and 
alkalies as 
4S + 3Na.CO; = 2Na.S + Na.S.0; + 3CO. 
or 


S + Na,S = Na.S:. 





No sulphur was noticed in these tubes but the amounts produced 
in these reactions were very small and could easily have escaped 
detection. 

Table 5.—The artificial pyrite gave an excellent X-ray pattern 
by the powder method with no other lines showing than those 
of pyrite, yet the solubility of the Fe is greater than with the 
natural variety. A possible explanation for this is the larger 
surface exposed by the submicroscopically crystalline artificial 
material. Neither of these agree with O. Weigel * although the 
solubilities of the artificial products agree much more closely than 
those of the natural material. 

Table 6.—This shows quite large individual variations when 
compared with Table 5, but as a whole there is agreement between 
the two. Also little difference is to be noticed between those 
tubes where a CO, atmosphere and those where a N atmosphere 
was used. 

Table 7.—With the 1/10 molar Na.S solution there is again a 
lowering of the amount of iron in solution, as in Table 3, and the 
amount of H.S given off is decidedly less than with water. 

28 Econ. GEOL., vol. 9, p. 57, 1914. 


29 N. H. Stokes, op. cit., p. 19. 
80 Op. cit. 
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Table 8 —Because the solubility of the pyrite in Na.S solutions 
was so different from that given by certain other observers, 
namely Doelter ** and Becker,” a few experiments were run with 
more concentrated solutions than were used in the other experi- 
ments. Solutions of I molar concentration and 3 molar concen- 
tration were used. The solutions were made up from crystalline 
Na.S.gH.O and immediately put into the tubes; 5 cc. of solution 
were used in each tube and .100 g. pyrite. At 200° the tubes ex- 
ploded, evidently due to H.S formation. Other tubes of 1 and 
3 molar solutions were then heated to 175° for 30 hours; H.S by 
lead acetate and by smell was noticeable as each tube was opened. 
The yellow color of the solution of the 3 molar solution tubes 
was not due to iron.** The grains of pyrite were examined under 
a binocular microscope; as noted in the table, these were quite un- 
attacked, their edges were sharp and the conchoidal fracture was 
as clear as in the fresh pyrite, and no oxidation was to be seen on 
the grains. This, however, is what was to be expected if H.S 
gas in the tube determined the extent of the oxidation of the 
pyrite. The greenish color of the silica flakes in the tube was 
possibly due to ferrous sodium silicate. 

Table 9.—With chalcocite the reaction with water starts at a 
higher temperature than it does with either of the iron sulphides, 
somewhere between 210° and 250°. Gautier ** wrote the reaction 
as 


Cu.S + 2H.O = 2Cu + SO, + H:. 


This does not seem to agree with what these experiments gave. 
If SO. had been formed, the reaction of the SO. with H.O 
should have given some H.SO, and made the solution acid, but 
it was always neutral. Gautier used white hot steam, which may 


31 Op. cit. 

32 Op. cit. 

33 The solution in each case was evaporated to dryness, nitric acid added to 
oxidize the precipitate and then dried again; concentrated HCl added and dried 
to expel nitrates, the material taken up in HCl solution, water added, the solution 
boiled and NH,OH added. The NH,OH was then boiled off and more HCl added 
and test for iron by ferro-cyanide and sulpho-cyanide methods made. 

34 Gautier, A., Compt. Rend., p. 1385, 1906. 
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have produced a different reaction. Regnault ** found H.S, H. 
and metallic copper in the reaction. A possible formula for this 
reaction is 


Cu.S + H.O = Cu.O + H.S. 


The reddish film might be cuprite, although possibly metallic 
copper or even a basic copper sulphate. There is also no sudden 
rise of the amount of copper in solution with the generation of 
the H.S gas, showing that the precipitation of the compound on 
the grains was simultaneous with the generation of the gas. The 
agreement with Weigel is closer than with the iron sulphide, but 
outside of the experiment where CO, was bubbled through the 
solution there was no sign of copper in the solution until a tem- 
perature of 210° was reached. 

Table 10—With the 1/10 molar NaHCO, the solubilities are 
again slightly greater than with the water, and the amount of 
HS given off is also correspondingly greater. 

Table 11.—Also with the 1/10 molar Na.S solution the solu- 
bility of the metal is repressed as in the iron sulphides and the 
amount of the H.S is definitely larger. 


MISCELLANEOUS EXPERIMENTS. 


Experiments were undertaken to find out what difference there 
would be if the sulphides were in contact with no other gas than 
water vapor. Three tubes were filled with natural pyrite, pyr- 
rhotite and artificial chalcocite respectively, 10 cc. of water, and 
nitrogen. A mercury vapor pump which gave a one-one hun- 
dredth millimeter of mercury pressure was used to exhaust the 
tubes. The pressure in the tubes could be taken as that of the 
vapor pressure of the water. ‘These tubes were heated for four 
days at 210°. At the end of this time the solutions in the tubes 
were quite milky, due to the dissolved silica. In the tubes under 
the same conditions in which the gas had not been evacuated the 
solutions were quite clear at the end of the heating. The H.S 
was not bubbled through the iodine solution because the vacuum 
35 Op. cit., p. 1. 
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in the tube would have sucked back the iodine from the containing 
vessel into the pyrex tube. A test with lead acetate, however, 
showed that H:S was present. The accompanying table gives 
the results of these experiments. In each case the silica which 
went through the filter paper was determined by evaporation of 
the solution and hydrofluorizing in the usual way. 


TABLE 12. 


TEMP. 210°, TIME 96 Howrs, to cc. HxO AND Vacuum. 








Colloidal Sol. of 











Material. HS. Bo ray Remarks. 
in Grams. Million. 

Natural Pyrite....} Pb-acetate stain -1007 .02 Pyrite grains with 
faint red tarnish; 
some surfaces 
had no tarnish. 

Natural Pyrrhotite | Pb-acetate stain .o81o 00 Faint red tarnish on 
grains. 

Artificial Chalco- 

SURE: nck edicks sae No H2S by Pb- 
acetate method .0784 00 No change of grains. 











In the previous experiments it would seem that the concentra- 
tion of the H.S or H, in the tube was the factor which would 
determine how far the reactions of the sulphide with the solution 
would go. 

To decide this a tube with natural pyrite and water was filled 
with pure H.S gas,”** and the tube sealed and heated at 210°. At 
the end of the first day the solution in the tube was a light blue 
color, which changed to a green as the tube was cooled and later 
to a slightly milky color at room temperature. The tube was 
heated again; at the end of two days the blue color was at a maxi- 
mum and remained constant on further heating; the tube went 
through the same changes on cooling as before. Tests were made 
for ferrous and ferric iron but none was present. No change 
was to be noticed in the pyrite grains after the experiment. 

A second experiment was run duplicating the above, except that 
the pyrite was omitted. Exactly the same results were found 

36 Made from BaS and HCl. 
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as when the pyrite was present. The color was likely due to 
sulphur in the colloidal state. 

Pyrrhotite, H.S, and water gave quite different results. Only 
slight changes in the color of the solution were to be noticed, but 
at the end of 96 hours’ heating, the pyrrhotite was coated with 
minute crystals which under the microscope appeared as though 
they might be cubes of pyrite. No iron was found to be in solu- 
tion by the sulphocyanate test. 


EXPERIMENTS WITH VALVES TO ALLOW ESCAPE OF GASES. 


All the previous experiments in which any hydrogen sulphide 
was generated were carried out in closed systems so that when 
the concentrations of the different gases reached a certain limit 
the reaction ended. Two types of valves were tried in order to 
allow this gas to escape and so let the reactions go to completion. 

These valves were evolved by Dr. J. W. Gruner and myself 
after a number of trials. The first type consisted of the usual 
pyrex tube such as was used at 210°, and to this was fitted an 
extra capillary. At ten inches from the tube the hole of the 
capillary was constricted by heating the tube and drawing it out. 
The capillary opening was then almost invisible to the naked eye. 
Above this constriction the capillary was filled for 3 inches with 
No. 600 alundum powder and above this % inch of cotton wool 
to stop the alundum powder from moving up the capillary. It 
was supposed that the surface tension due to the small opening 
in the capillary and to the closely packed powder would allow the 
gas in the tube to escape slowly. 

The tube was placed so that the top of the alundum powder 
in the capillary came just outside of a hole in the furnace. In 
the tube was water, natural pyrite, and N gas; the temperature 
was 210°. For a little while the valve worked successfully, and 
H.S gas was given off along with some water, but at the end of 
two hours the valve ceased to work. Another of the same kind 
was tried with the same results. The capillary tubes were broken 
off at the constriction and it seemed that they had become stopped 
due to a creep of silica up the side of the tube and into the con- 
striction of the capillary tube. 
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A second type of valve which proved to be successful was made 
without a constriction. (See Fig. 3.) The bend in the tube 
was to prevent the powder from sliding down the tube. Two 
inches of coarser alundum powder than the 600 flour were used 
in the bottom of these valves above the bend. This was to catch 
and retain any silica which might creep up the tube. Above this 
was 3 inches of No. 600 alundum flour and then some cotton wool. 
Since these valves were entirely empirical in their construction a 
number of them had to be made before successful results were 
obtained. Hydrogen sulphide was given off continually along 
with vapor. A bright silver coin placed above the opening of the 
valve would acquire a tarnish in a few seconds. 

Powdered pyrite, pyrrhotite, and artificial FeS were tried in 
these tubes; in each experiment the reaction went much farther 
than in the closed systems and in the case of the pyrrhotite most 
of the grains had gone over to red iron oxide or hydroxide in 
twenty-four hours, before all the water had left the tube. In the 
pyrite tube some sulphur was also left in the tube. 

Grateful acknowledgment is due to Professor J. W. Gruner for 
suggesting this particular problem, for his untiring interest and 
invaluable assistance, and to Professor I. M. Koltoff and Pro- 
fessor O. E. Harder for advice and criticism. 

CONCLUSIONS. 

1. In the presence of H:O the formation of the sulphides of 
iron or copper or of the oxides or hydroxides of these metals de- 
pends upon the possibility of the escape of the generated gases. 
Thus, oxides and hydroxides of iron can be formed by ascending 
hot waters alone, acting on the sulphides of iron, provided there is 
a means for the escape of the H.S gas. In some experiments 
slow escape was provided by a simple device. 

2. At the pressures in the tubes when the sulphide is in contact 
with water, H.S is generated from pyrrhotite at about 150°, from 
pyrite at about 165° and from chalcocite at about 250°. 

3. Solubilities of pyrite, pyrrhotite and chalcocite in hot water 
are extremely small. The transportation of their constituents 
would have to be in other combinations than that of the simple 
sulphide. 
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4. Neither 1/10 N NaHCO; nor 1/10 N Na.S solutions dis- 
solve the sulphides to any appreciable extent and their presence 
does not hinder the formation of the oxide provided the con- 
ditions for the escape of the gas are present. 

5. In the more concentrated solutions of Na.S the pyrite does 
not dissolve as one might be led to expect from the statements 
of certain observers. 

6. The presence of H.S does not increase the solubility of the 
sulphides, as is sometimes stated in geologic literature, but ac- 
tually prevents it. 

The experimental evidence thus seems to show rather conclu- 
sively that iron and cuprous sulphides are not carried in igneous 
solutions as such at the temperatures of the experiments. 
Neither does iron seem to be carried as an alkali double sulphide 
in igneous solutions, unless it be in enormously concentrated alkali 
sulphide solutions. It seems probable that the iron was carried 
as some other compound and was precipitated as the sulphide by 
chemical reaction with a sulphur compound. But as shown from 
the experiments carried out there will also be reactions between 
H.O and the sulphides to form oxides. The question is, what 
are the conditions that will determine the formation of the sul- 
phide or the oxide? It is evidently one of H.S concentration 
and of temperature. If H.S can escape the reaction will con- 
tinue and oxides or hydroxides of iron will be formed, or from 
copper sulphides native copper, cuprite or possibly basic copper 
sulphates. The equilibrium will be partly determined by tem- 
perature, for, as is shown in the experiments, more H.S was gen- 
erated at higher than at lower temperatures. That no oxide will 
be formed if the concentration of H.S is high is shown by the 
experiment when pyrite was heated in water saturated with H.S. 
If the escape of the H.S keeps the reaction around the equilibrium 
point a mixture of sulphides and oxides may result in the pres- 
ence of alkaline or slightly acid solutions. 


UNIVERSITY OF MINNESOTA, 
MINNEAPOLIS, MINN. , 











PECULIAR MUD-GRAINS AND THEIR RELATION TO 
THE ORIGIN OF GLAUCONITE. 


JUN-ICHI TAKAHASHI AND TSUGIO YAGI. 


INTRODUCTION. 


THE studies on the recent, sapropelic deposits, for which credit is 
mainly due to H. Potonié, undoubtedly add much to the progress 
in the study of the origin of petroleum. It seems vitally important 
for the better understanding of the problem, however, to seek 
for detailed comparisons and closer analogy between the “ sapro- 
pelites ” composing oil formations and those of the recent marine 
deposits, instead of the terrestrial deposits, studied largely by 
Potonié. This conception led the senior author to study the 
“marine kerogen shales” that occur in the oil formations of 
Japan as well as the majority of the oil formations of the world. 
A comparison of the recent marine deposits has already been 
published.” 

With the intention of completing the former work, recent shal- 
low sea deposits were collected in several localities around Japan, 
by means of a specially devised mud collector. In the course of 
examining the materials collected, it occurred to the junior writer 
to ascertain the prevalence of the peculiar mud-grains contaminat- 
ing them. The grains were separated from the matrices, and 
their chemical and mineralogical features carefully examined. 
The results reveal their genetic relation to glauconite, as will be 
shown in this paper. The work was carried on, partially at least, 
by the help of a fund generously allowed to the senior author by 
the Saito-Héonkai, to which institution sincere thanks are due. 

1J. Takahashi, “The Marine Kerogen Shales from the Oil-fields of Japan: 
a Contribution to the Study of the Origin of Petroleum,” Sci. Rept. Tohoku Imp. 


Univ., Sendai, s. III., vol. 1, no. 2, pp. 63-156, 1922; “ Origin of California Pe- 
troleum,” Econ. GEot., vol. 22, pp. 133-158, 1927. 
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THE DEPOSITS. 


I. Just to the southern bank of Tsugaru Strait opens the nar- 
row outlet of the large embayment of “ Mutsu,” enclosed by two 
prominent northward projecting peninsulas, the Shimokita and 
the Tsugaru. The Pacific side of the former is washed con- 
stantly by a cold drift coming from the North, the ‘ Oyashio,” 
with a surface temperature of about 7° C. in winter (Feb.) and 
12° C. in summer (July). Off the coast of Tsugaru Peninsula, 
the superflow drift (the Tsushima Drift) coming from the South 
is reached along the Sea of Japan, there varying in temperature 
from 16°-20° C. in summer to around 10° C. in winter. Al- 
though the embayment is not entered by the 100 fathom bathy- 
metric line which conforms to the central zone of the Tsugaru 
Strait, it is certainly a “ cul de sac ” entraining both the warm and 
cold oceanic life carried by both the currents. The muds ex- 
amined were collected by Mr. Hozawa?’ at four points off the 
shore near the marine biological station of the Tohoku Imperial 
University. The embayment has no important rivers flowing 
into it and the tide is only about 1 m. maximum. 

Geologically speaking, the environments are composed mainly 
of younger Tertiary formations and andesitic rocks, though 
rhyolitic rocks are exposed on the coastal cliffs and the rocky 
islands scattered in the vicinity of Asamushi, a small town north- 
east of Aomori, well known for its hot springs and as the site of 
the above named marine biological station. Of the four samples 
collected, two are mostly of coarser materials, the sites being 
chosen within 500 meters from the shore, and at a depth of 1 to 
2 fathoms. The other two were collected some 400 meters off 
shore, at depths of 21 and 27 fathoms respectively. 

The mud-grains vary in color from gray to green; some are 
the color of glauconite. They form some I-2 per cent. of the 
slimy deposits. Although the detailed lithology of these deposits 

2 Professor of Zodlogy, Tohoku Imp. Univ., Sendai, to whom the writers are 
indebted for courteously entrusting the materials to their examination, and pre- 


paring a number of microscopic sections, also a map, showing where they were 
collected. 
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will be described in subsequent papers, it may be mentioned here 
that they are mostly of fine arenaceous detritus, contaminated 
with shells and tests of both calcareous and siliceous organisms, 
besides putrefying organic substances. The tests of diatoms, 


+ 4e 


+ 38° 








Fic. 1. Map showing location of samples. 


specules of sponges, radiolaria and foraminifera are also present. 
The deposits are bluish black in color when freshly dredged, and 
emit the characteristic odor of hydrogen sulphide. 

2. Mangoku-Ura.—This is a shallow, saline lagoon incised 
into the hilly land and is separated from the open sea (Sendai 
Bay, 8° C. in winter, and some 16° C. in summer) except for a 
narrow channel, by a sandy beach extending eastwards from the 
mouth of the Kitakami river. The hilly land consists of grano- 
diorite and Mesozoic rocks on one side, and younger Tertiary beds 
on the other. The lagoon is free from large rivers, is very shal- 
low (7 m. maximum depth), and has a surface area of 6.12 sq. 
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km. and a circumference of 23 km. An area along the lagoon 
is occupied by the saline fields. The sediments therein are mostly 
of an arenaceous nature, gray to black in color, with a bluish tint 
when newly dredged. In addition to mud-grains, are found 
larval shells of mollusca, ostracoda, echnoids, and foraminifera. 
The lagoon is now used as an oyster yard, and the bottom sand 
is seasonally crowded by mud-eaters, echnoids, and eels, besides 
a number of water plants, including Zostorea marina. Like 
Aomori Bay the area is not, of course, a typical field of anaerobic 
decay, although in summer the bottom muds are characterized by 
a fetid odor. Here, the amount of the mud-grains is relatively 
large, averaging some 3 per cent. of the finer sediments. The 
grains are usually larger than the contaminating foraminiferal 
tests, which are almost always found free from any visible sub- 
stances filling their interiors. Compared with those of Aomori 
Bay, the grains are less glauconized. The lagoon is reached from 
Sendai in about two hours by tram car. 

3. Izu Lake—This is a swampy marsh, measuring 7.12 sq. km. 
in area, 10.25 km. in circumference, and some 2.3 m. in maximum 
depth. The deposits are rather sapropelic, but no mud-grains 
were found in this fresh water lake. The lake is situated some 
50 km. to the north of Sendai. 

4. Kasumiga-Ura.—With a surface area of 177.5 sq. km. and 
a circumference of 150 km., this lake communicates with the 
lower course of the Toné river. Its water level is 2 meters higher 
than the sea level, and its deepest point measures 7.6m. In spite 
of its nearness to the sea, the water is almost fresh, and is a rich 
fishing ground for eels. Certain species of mud-eaters are also 
found living in the bottom-mud at times, probably coming from 
the sea by way of the Toné river. The lake is especially interest- 
ing because of the presence in fresh-water of mud-grains like 
those in marine deposits. The grains, however, are mostly paler 
in color, more gelatinous, less compact, and apparently little 
glauconized. The lake is believed by certain geologists to have 
been a part of the “ Paleo-Tokio Bay ” of post-Pliocene age, and 
saline fields are said to have existed around the coast even in 
historic time, as may be shown by the toponomical evidence. 
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5. Iséno-Umt.—The muds were collected near the coast of 
Kamagori, a scenic place at the upper end of the Gulf of Mikawa, 
which is a branch of the Iseno-Umi. Several rivers enter the 
gulf. The bay communicates directly with the Pacific, where the 
warm oceanic current of “ Kuroshio” runs from SW..to NE., 
varying in surface temperature from 15° C. in winter to some 
23° C. in summer. The mud examined was dredged at a depth 
of 5 meters, and in it were found several mud-eaters (April 7th), 
besides a number of shell fragments. The mud contains mud- 
grains amounting to some 4-5 per cent. by volume. The amount 
of glauconization is not so great as might be expected, probably 
due to the presence of discharging rivers, excess of organic sub- 
stances deposited, and shallow depth. The surrounding regions 
are a complex of schists, Paleozoic rocks, granite and Tertiary 
formations. 

6. Biwa Lake.—With a surface area of 674.8 sq. km. and a 
circumference of 235.2 km., this is the largest fresh-water lake in 
Japan. It is generally considered to be of tectonic origin, and 
has a crypt 95 m. in depth, reaching 3 m. below sea level. The 
muds were dredged at several points off Nagahama at depths of 
about 1.5 m. However, neither mud-grains nor “ glauconite- 
grains”’ were found. The deeper portion is noted for its beau- 
tiful crystals of vivianite. 

7. Kojima Bay.—Just south of Okayama is the lagoon-like 
embayment of Kojima, noted as being the only known habitat 
of “ Kabutogani” (the Horseshoe crab). Several rivers dis- 
charge into it, the Yoshii and Asahi being the largest. Al- 
though the inland sea of Setouchi is noted for its high salinity, 
remarkable tidal current, and relatively small rain-fall, the salinity 
in this particular bay is rather low, and the greater part of the 
area emerges at low tide, especially in spring and autumn. Mud- 
grains are abundant at a depth of 2 meters, but are little glaucon- 
ized. 

8. Setouchi—Just outside the bay mentioned above, lies the 
small port of Ubé, sheltered by a number of granitic islands. 
Owing to the strong tidal current, it is difficult to locate and sound 











ORIGIN OF GLAUCONITE. 843 


the muddy deposits in the sea floor. The deposits are largely 
arenaceous with a bluish gray tint, usually covered with a red, 
oxidized layer about 1-2 inch thick. The mud-grains contami- 
nating the sands and muddy “ pockets,” however, are generally 
well glauconized even at a depth of 20 meters. 

The examples above mentioned are sufficient to indicate the 
wide distribution of the peculiar mud-grains in littoral and 
estuary deposits. The grain forms, though peculiar, are 
similar and the amount of “ glauconization ” differs in accordance 
with their physical environment. Our examinations indicate that 
such grains originated in estuaries, lagoons, or littoral regions, 
and then were carried to, and deposited in, the neritic zone, where, 
if conditions were favorable, they became glauconized. 


PHYSICAL FEATURES OF THE GRAINS. 
The mud-grains vary in diameter from 1.4 to 0.5 mm. The 
prevailing shape is an elongated ellipsoid, usually with a notch at 


one end, as shown in Fig. 2. They are quite similar in form and 
physical properties. 





Fic. 2. Specimens showing shape of mud-grains. 


The gray grains are rather soft and friable. They can be 
sorted by decantation, or by elutriating, as they float readily when 
the muds are mixed with excess water. The green varieties, 
however, being more compact and heavy, remain intermixed with 
the arenaceous components. The grains range in color from 
light gray to dark green, and also vary in density and purity, rep- 
resenting probably every stage of “ glauconization,” as will be 
proved later. The apparent density varies from 1.6 in the gray 
grains to 2.2 or more in the green ones. 
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Under high magnification, the gray varieties reveal rather 
heterogeneous constituents; extremely fine fragments of quartz 
and feldspar with a “clayey” matrix that is dark yellow or 
brownish in color. The grains are not noticeably different from 
the mud or slime in which they are embedded except for their 
characteristic outline. Tests of diatoms and fragments of kelp 
are not infrequently observed in the gray grains, as well as very 
small globules of iron sulphide. In spite of uniform outline, the 
grains are neither concentric nor radial in their internal structure. 
In rare cases they are composites of similar smaller grains, but 
close examination reveals that they are formed by helicoidal mud 
tubes, as shown in Fig. 3. 





Fic. 34B. Recent mud-grains showing rare internal structures. Note 
elliptic outlines of original mud-tube. 60. 


’ 


The “clayey” materials of the gray grains are found to be 
gradually replaced by a green gelatinous mineral, as the green 
color increases. In advanced stages, the gelatinous mineral be- 
comes glauconite. (Figs. 4-7.) 

The process may here be tentatively termed “ glauconization ” 
without any special qualification. It is noticeable, in the course 
of the glauconization, that the constituents of the grains are little 
by little replaced by the green gel which at the same time becomes 
gradually degelified to glauconite. The glauconization may thus 
be interpreted as the gradual replacement or excluding of other 
constituents out of the mud-grains, and at the same time degeli- 
fication of the green gel to form glauconite. The green gel first 
appears in the gray and greenish-gray grains, forming vaguely 
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Fics. 4-5. Recent coprolitic, non-glauconitic mud-grains: 5 shows 

re] z > ae 
general outline X 50; 4, central portion of 5 (XX 110), showing diatom 
tests, micro-globulites of iron sulphide, mineral micro-fragments, micro- 
fibers of chlorite and gray gelatinous (“clayey”) matrix. Aomori Bay. 

Fics. 6-7. Recent coprolitic mud-grains entirely glauconized (copro- 
glauconite); 6, (110) shows an advanced stage of glauconization; 
fissures (white) were formed during preparation of section. Fig. 7 
shows general outline. (Crossed nicols, X 50.) Aomori Bay. 

Fic. 8. Tertiary glauconite showing close resemblance to recent ones 
in Figs. 6 and 7. Crossed nicols, X 50. Kaminotoro, S-Sakhalin. 
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defined spots, which in their central portions, approximate glauco- 
nite in optical properties but pass insensibly into the surrounding 
less defined matrix of colloidal nature. These, which may be 
termed “ pigmental glauconite,” gradually increase in area and 
number. In the final stage, the grains are largely free from 
either detrital mineral or fossils. (Figs. 4-7.) 


CHEMICAL INVESTIGATIONS. 


The mud-grains were tested for potassium by the usual meth- 
ods of micro-chemistry. The green variety commonly shows a 
much higher potassium content than the gray, except those 
dredged at Kasumiga-Ura where even the greenest grains are less 
potassic. This is very interesting, in view of the insignificant 
salinity (slightly higher than that of the Toné river) of the lake. 

For chemical analyses, the grains of each deposit were elab- 
orately separated from the muds, at first by elutriation and de- 
cantation; then the grains were sorted under a lens, according 
to color, into two groups, “ gray” and “ green.” The fine muds 
that contained the grains were also analyzed for comparison, as 
shown in Table I. 

















TABLE I. 
| I. iT. rif. 1. Li? rid. 
OS eae 56.37 55-81 54.58 48.10 47-90 44.66 
AlhOs..... Sareea 11.74 9.91 7-17 16.22 15.77 14.26 
BPR. Sos cab ames 6.14 12.80 18.27 15.13 16.77 20.57 
Oe 2:13 2.31 2.87 0.42 0.31 1.92 
a eee oe 2.63 1.62 0.89 1.95 1.78 1.86 
f(a a 3-33 3-07 2.95 3-78 3.81 3-45 
JS" OS ee 1.67 2.67 5-34 0.93 0.97 1.29 
LY SSE aee ae 2.06 1.89 1.23 1.16 1.21 1.25 
Mas...) we 0.24 0.32 0.07 0.49 0.50 0.46 
ere ; tr. tr tr. 0.27 0.23 0.25 
RII a 5 is ot ggg 0.42 0.27 0.21 0.32 0.29 0.31 
Ign.... : 13.39 9.52 6.53 11.43 10.82 9.87 
ee a n.d. 0.32 0.35 n.d. 0.26 0.23 
rs) eee a 100.18 100.21 100.1I 100.21 100.36 100.09 























I, matrix mud; II, gray grains; III, green grains. 


The grains of Aomori Bay are here tabulated (I-III) for the 
purpose of showing the different stages of glauconization under 
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marine environments as compared with those of Kasumiga-Ura 
(I’-III’), representing fresh water conditions. 
As is clear from Table I and Fig. 9, the gray grains do not 
noticeably diverge in composition from the matrix mud. This 
60 
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Fic. 9. Graphic representation of composition of mud-grains from 
Aomori (left) and Kasumiga-Ura (right). See Table I. 


is clearly the case with those from Kasumiga-Ura, the most sig- 
nificant changes being the increase in the contents of Fe,O; and 
the decrease in water and Al,O;, whereas the green grains are 
characterized by considerable increases in both Fe,O; and FeO. 
It is interesting to note that both CaO and Na.O remain almost 
unchanged in each of the three varieties. 

But it is entirely different with the grains of Aomori Bay. 
Although the silica-contents seem fairly constant in all three varie- 
ties, there are significant decreases in Al,O;, CaO, and Na.O, 
and remarkable increases in Fe.O; and K,0. Thus, the “ green ” 
grains of the Aomori Bay may safely be regarded as glauconite, 
not only because of their physical properties as previously shown, 
but also because of their chemical composition. 

The mechanics of this glauconization will be discussed in 
other papers by the junior author, who has studied for years both 
the recent and fossil glauconites of this country. 
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WHAT ARE MUD-GRAINS? 


Mud grains are neither odlites nor spherulites in their struc- 
tures, as has been suggested. Most probably they are the excre- 
tions of the mud-eaters that live in the estuarine and littoral 
regions. This is suggested by their general external and internal 
appearance, both megascopic and microscopic, and the idea also 
seems justified by the common presence of peculiar notches (Fig. 
2), and the less common hericoidal internal structure (Fig. 2). 
The idea is further supported by the abundance of mud-eaters 
that live in the mud-deposits and the polished appearance of the 
grains. It seems natural that such freshly deposited muddy 
excretions, approximating colloidal gel in character, should be 
transported to the sea, due to their extreme lightness, whereas the 
green grains, becoming heavier through glauconization, would be 
found in the arenaceous deposits. 

It is probable that the mud-grains found in the ocean floor off 
the coast of Bahama by Professor T. W. Vaughan, belong to the 
same category with those of the authors. The grains were once 
considered by him as mud-concretions.* Philippi also described 
similar mud-grains as the “ Echinodermen Faeces.” * In passing, 
it is interesting to note that grains commonly form the nuclei of 
the calcareous o6lites of Bahama, as has been described by Prof. 
Vaughan.° 

FOSSIL MUD-GRAINS AND GLAUCONITE. 


The mud-grains which are not yet entirely glauconized are 
here tentatively termed “ coprolite.” Such coprolite grains are 
not infrequently found in certain oil-measure rocks of this coun- 
try, of late Tertiary age. For instance, in the calcareous sand- 
stone commonly known as “ Natsukawa,” such little-glauconized 
mud-grains are found side by side with true glauconite grains. 
(Fig. 10). It is interesting to note that in the same rock there 
are sometimes found glauconites filling the interiors of forami- 

3 Vaughan, T. W., Jour. Wash. Acad. Sci., vol. 14, p. 327, 1924. 

4 Murray, J., and Philippi, E., “ Die Grundproben der Deutschen tiefsee-Expedi- 


tion,” 1908. 
5 Op. cit. 
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Fic. 10. Fossil mud-grains little glauconized, with foraminiferal 
shells and spicules of sponge. From the calcareous sandstone of Neo- 
gene Tertiary, Yechigo. X 90. 

Fic. 11. Glauconite sandstone of Upper Cretaceous, Yubari, Hok- 
kaido. Mud-grain in the center (gray), surrounded with glauconite 
grains (black) and quartz (white). X90. 

Fic. 12. Recent coprolitic mud-grains and copro-glauconite, showing 
general outline. A, the grains on left are spherical, those on right dis- 
coidal; B, types of subcylindric ellipsoidal grains. Aomori Bay, from 
depths of 21-27 fathoms. All are glauconized in varying degrees. 
X10. 

Fic. 13. Fossil glauconite of Tertiary age. A, grains on left are 
spherical, on right, discoidal; those of B are all subcylindric -ellipsoid; 
These became flattened by compression, as shown by C. Kaminotoro, 


S-Sakhalin. Io. 
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niferal shells, the cavities in feldspars along the cleavages, and the 
canals of the spicules of sponge. The same is true of the rocks 
outside the oil-fields, as in the calcareous sandstone of Zugawa, in 
Toyama Prefecture, and the glauconite sandstone of various ages 
(Fig. 11). The instances just mentioned seem to suggest that 
not all the coprolites are subjected to glauconization. Those of 
Kasumiga-Ura approach greenalite, especially celadonite,° in the 
nearly similar content of Na and K. 

The presence of glauconite filling the interiors of foraminifera 
has been reported from recent and fossil glauconite (especially 
in the European chalky deposits), although the writers have failed 
to find any in the recent littoral deposits examined by them. 
Most American writers indicate the absence of such glauconite 
filling in the foraminifera of that country. At any rate, the fossil 
glauconites of shallow-sea deposits are commonly spherical, ovoid, 
subcylindrical or irregularly rounded, are often detached from 
the paragenetic minerals and the rock matrix, and their surfaces 
are frequently polished. They are also rarely free from im- 
purities such as fine fragments of minerals. 

All these features are shared by the coprolite in question. The 
resemblance when they are compared with fossil glauconites is 
striking, as shown in Figs. 12 and 13. In the photographs, 
spherical ones are designated by A, subcylindric-ellipsoid by B, 
and those flattened by compression by C ;—all from the glauconites 
in the S-Sakhalin, of Neogene Tertiary age. 

From the chemical point of view, the coprolitic glauconite, or 
“ coproglauconite ” as it may be called, of Aomori Bay is slightly 
higher in ferrous oxide, the ratio Fe,O;/FeO being approxi- 
mately 6, compared with the same ratios of recent glauconite, 
which are 15—20; they thus approximate certain fossil glauconites. 
The coprolite non-glauconitic material of Kasumiga-Ura is more 
ferric, the ratio exceeding 10, and its content of K is rather low. 
This suggests that the increase in the ferrous content in the course 
of glauconization is not proportionally followed by that of K. 
The suggestion is noteworthy considering that there are decidedly 


6 Lacroix, A., “ Mineralogie de Madagascar,” I., pp. 487-489. 
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two categories among fossil glauconites in the Fe.O;/FeO ratios,’ 
whereas the contents of K remain almost constant. The ap- 
parent increase of FeO at the expense of FeO ; over the ratio, 
say 3, is too much to be referred to glauconization, if by this term 
is meant exclusively the increase in the contents of K, and of Fe 
to a certain extent, under marine conditions. 

It may be safely inferred from the above that there exist fossil 
glauconites with coprolitic origin, especially in the deposits of the 
littoral facies. In the case of coprolite, the presence or the forma- 
tion of ferri-siliceous gel seems to play an important rdle in the 
process of glauconization. 

Except for the red ooze of the deep ocean floor where ferric 
oxide or hydroxide (?) predominates at the expense of car- 
bonates, the deposition of ferric hydrate is rarely known either 
in the neritic or littoral areas, whereas in the terrestrial deposits 
and under fresh water conditions this mineral is of common oc- 
currence. The stability of ferric oxide or hydrate in the ocean 
water thus seems widely different from that in fresh water. The 
nature of the ferric oxide in glauconite would form an interesting 
subject of investigation, in this connection. 


SUM MARY. 


1. Peculiar mud-grains are found widely distributed in the 
estuarine and littoral regions. 

2. They are considered to be the excretions of certain mud- 
eaters, and are tentatively designated as coprolite. 

3. They were separated and investigated both physically and 
chemically; they become gradually glauconized under favorable 
conditions. Such grains are termed copro-glauconite. 

4. There is found every stage from plain coprolite-grain to 
glauconite; at first the pigmental glauconite appears in patches 
inside the grains, which gradually broaden until the whole grain 
becomes glauconized. 

7 Of 21 examples cited by L. Cayeux, the ratio is lower than 5 in 12 examples, 


the average being 3; in the rest it is higher, with an average of 7. Op. cit., p. 
244. 
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5. They are compared with, and positively identified with, 
fossil glauconites. 

6. The origin of certain glauconite in the littoral deposits of 
different geological ages is thus suggested to be, in part at least, 
fossil coprolite glauconized. 


Touoxku IMPERIAL UNIVERSITY, 
SENDAI, JAPAN. 
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A LABORATORY METHOD FOR GRADING 
ABRASIVES. 


JOHN W. VANDERWILT. 


To polish mineral surfaces for microscopic study it is often neces- 
sary to grade the alundum or carborundum abrasives. The finest 
grades of these abrasives on the market at reasonable prices are 
not graded well enough for fine work. The commercial grades 
of abrasives are screened and, as French’? has shown, screens 
finer taan about .o2 mm. are not practicable. Finer abrasives 
can be obtained by washing or levigating the powders. Probably 
because of its expense, commercial concerns have not made leviga- 
tion a practice; the process is slow as well as expensive. 

Recently I wanted some very fine alundum. After much time 
a method was evolved that yields well-graded abrasives as fine as 
.ool mm. The process appears complicated but really is not. 
The method I worked out at the laboratory of Economic Geology 
of Harvard, and it is offered here in hope that it may save time for 
any who want to grade very fine abrasives. 

An easy method for levigating abrasives has long been in use. 
Recently it has been described by Dr. Short * of the United States 
Geological Survey. The abrasives are well stirred in a tall cy- 
lindrical jar and left to settle; the larger particles, falling faster 
than the smaller, will be concentrated in the lower part of the jar: 
the upper portion is then carefully siphoned off; by varying the 
time of settling, different grades of abrasives are obtained. By 
this method accidental mixture of coarse particles with fine is 
very difficult to avoid, because (1) large grains are held on the 
liquid surface by surface tension, and (2) some are buoyed up 

1 French, J. W., “ Grading of Carborundum for Optical Purposes,” Trans. Op- 
tical Soc. of London, vol. 19, 1917-18, 2-38. 


2 Short, M. N., “ The Preparation of Polished Sections of Ores,” Econ. Geot., 
vol. 21, pp. 660-661, 1926. 


un 
mn 
Co 
uw 
w 











854 JOHN W.VANDERWILT. 


by attached air bubbles. Control of the procedure and collection 
of abrasives of a given size only are also difficult. 

It was to eliminate these impediments that levigation with a 
series of siphons was used. The set-up of this classifier is shown 
in Figure 1. The abrasives collected in each of the eight jars of 
the classifier are shown in Figure 2. This figure also shows the 





FicureE 1. a, outlet tube. 0b, inlet tube. c, clamped secondary outlets 
for jars 3 to 6 to remove air trapped above outlet tubes. d, clamp to con- 
trol flow of siphon. e, clear water above abrasive-charged water at out- 
let tube level—clear water in jar 8 because of added nitric acid. f, out- 
lets convenient to start flow of siphon. g, motor for stirring water in 
Jar 1. h, stand for holding motor. i, stand for holding outlet tube of 
Jar. I. 
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stock abrasive 600 Alundum from which the finer sizes were 
separated by this method. The classifier may be arranged with 
any number of jars depending on the grades of abrasives wanted. 
Table 1, column F, gives the measured dimensions of the abra- 
sives collected in each jar. Sir Gabriel Stokes’ * theoretical value 
for rate of falling particles in water is too low. A comparison 
of columns.E and F shows clearly that the abrasive grains col- 
lected vary in diameter almost directly as the velocity of the water 
that carried them up. 

The classifier train as a whole is a composite siphon, or a series 
of connected siphons. Jar 1 is placed high to furnish head for 
the flow of water. Dimensions of the jars, tubes, and the posi- 
tions of the ends of the inlet and outlet tubes are given in Table 
I. Large tubes were used because smaller tubes mean higher 
velocities of water at the inlets and outlets. The rubber connec- 
tions must be free from pinches or sharp bends; these would col- 
lect and hold abrasives which would eventually stop the flow of 
water. The rate of water flow was arbitrarily kept at 60 to 65 
drops per minute by pinchcock control at the far end of the 
classifier. 




















TABLE I. 
| : : ° 
A B | Cc D E F* 
: Inlet above Distance : Upward Size of 
Diameter between Diameter ike 3 
Jar ; bottom of : velocity grains 
of jars 2 inlet and of tubes OP 
jars cm. per carried 
outlet 
cm. cm. cm. mm. hour mm. 
I 12 12 
2 6 24 13-3 7 15.1 -008 
3 7-9 3 5-7 7 8.7 -0047 
4 9.5 3 8.3 7 6.1 -0035 
5 Oty 0.6 14.6 7 3-4 -0025 
6 14.6 0.6 24.8 7 2.6 -002 
7 16.5 0.6 | 17.1 7 2.1 -OO15 




















* The sizes listed in this column are not those collected in the corresponding 
jars. Opposite Jar 2 is .oo8 mm. the size of the largest grains carried by the 
upward velocity from Jar 2 and consequently collected in Jar 3. 


3 Camb. Phil. Trans., IX. 
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It is advisable to let clear water flow through the classifier for 
several hours before the abrasives are added. In this way small 
leaks in the siphon or air bubbles in the tubes can better be elim- 
inated. In the set up in Figure I it was necessary to tie the 
rubber stoppers in the jars because the water pressure forced 
them out. 

Convection currents in jars, 2, 3, 4, 5, and 6, and 7 must be 
avoided. Convection currents mean locally increased velocities 
and will prevent uniform grading of the abrasives. The sharp 
line between the abrasive charged water below the mouth of the 
outlet tube and the clear water above can be seen in Figure 1. 
This sharp line will remain as long as there are no convection 
currents in the jar. Convection currents can easily be avoided by 





Fic. 2. The abrasives shown above the numbers 1-8 were collected in 


the jars with corresponding numbers shown in Fig. 1. 
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placing the classifier where the temperatures remain about:constant 
or where the temperatures change only slowly and uniformly. 
The time that the classifier can go without attention depends 
on the size of Jar 1, the reservoir in which the extra supply of 
abrasives mixed with water is placed. An arbitrary proportion 
was used of 58 grams of 600 alundum (Norton Alundum Co,, 
Worcester, Massachusetts) per liter of water. The abrasives and 
water should be thoroughly mixed before adding them to Jar 1 
to keep air bubbles out of the jar. 
and constantly kept well stirred. 


Jar 1 is refilled when needed 

A small electric motor was used to stir the mixture. To the 
motor is attached a long shaft that reaches to one-half inch above 
the bottom of the jar. The shaft has at the end a small propeller 
and is run just fast enough to prevent accumulation of abrasives 
on the bottom of the jar. Air bubbles are mixed with the water 
if the propeller turns too fast. The normal speed of any electric 
motor is too great but the speed can be easily reduced. A Cenco 
motor is especially made for stirring and is convenient because 
it has adjustable speeds. A common motor is less expensive to 
buy and the speed can be easily reduced with a simple water rheo- 
stat. The water rheostat is the arrangement shown in Figure 3. 
The speed of the motor is controlled by the depth of immersion 
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Figure 3. Showing arrangement of rheostat. 
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of the electrodes in the water, to which a few drops of sulphuric 
are added to improve its conductivity. 

Jar 2 is a 1000 cc. graduate. The bulk of the abrasives (all 
except the coarsest particles which settle in Jar 1) collect in this 
jar; it must be tall to furnish sufficient volume. The mouth of 
the inlet tube is high because this jar fills so rapidly. 

In jars 3, 4, 5, and 6, each has a larger diameter than the pre- 
ceding one. The upward velocity is, therefore, less in each jar 
than in the jar that precedes it. 

The clamp that controls the flow of water must be at the farther 
end of the system where only a small quantity of abrasive is mov- 
ing. If the clamp should be placed between jars I and 2 or 2 and 
3 the small opening necessary to regulate the velocity would soon 
clog up with the abrasives and stop the flow of water. 

Jar 8 collects the finest abrasives. To prevent constant stirring 
by the drip of the water the drip is caught in a small funnel, the 
lower end of which reaches the bottom of the jar. Several days 
would be necessary for the abrasives collected in jar 8 to settle 
out naturally. The addition of nitric acid will cause the abrasives 
to settle out in a few hours. Add concentrated nitric acid to the 
jar, when about half full, until the mixture is about 1 part acid 
to goo parts water. After a few hours, when the abrasives have 
settled to the bottom of the jar, the clear portion of the water is 
siphoned off. As the jar refills more acid must be added. 

The flow of water through the classifier must be continuous. 
The stock mixture in Jar 1 must be sufficient to last over night. 
When the abrasives in any jar, usually 2 or 3, pile up to the mouth 
of an inlet tube, that tube will soon fill up with abrasives and stop 
the flow. When the system is thus clogged all that can be done 
is to collect the abrasives that have accumulated in the jars and 
start anew. It is, therefore, important to adjust the mouth of 
each inlet at a sufficient height above the bottom of each jar to 
permit ample space for accumulation of abrasives. 

To collect the abrasives the flow of’ water is stopped and a 
clamp fastened on the rubber connections between each of the 
jars. This avoids the possibility of accidental mixing of abra- 
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sives by sucking over from one jar to another. Nitric acid is 
added as described for jar 8. When the abrasives have settled, 
the excess water is siphoned or decanted off. The abrasives aré 
then washed into beakers with the smallest volume of water neces- 
sary. In some cases it is preferable to keep the abrasives wet. 
The water can be evaporated off when the abrasives are wanted 
dry. 

Care is necessary to prevent contamination of the abrasives. 
Since much glass ware is used there is constant danger of the 
glass chipping off whenever glass surfaces are rubbed or struck 
together. Fragments of glass too small to be detected without 
a lens would nevertheless be harmful if mixed with the finer 
abrasives. All the glass tube ends should be well rounded by 
fusion. The cleanliness and care necessary can not be over-em- 
phasized. 


U. S. GEOLOGICAL SURVEY, 
WasuIncton, D. C. 











EDITORIAL 





THE RECENT ACTIVITIES OF THE GEOLOGICAL 
COMMITTEE OF THE U.R.S:S. 


THE work of the Geological Committee is in general so inaccessi- 
ble to those who do not read Russian that a brief account of it 
may be of interest to the readers of Economic GroLocy. Dur- 
ing the last fiscal year these activities reached their highest de- 
velopment, which was reflected by a forty-five per cent. increase 
of the budget. Asa result the number of field expeditions reached 
628 as compared with 389 the previous year. 


SYSTEMATIC STUDY OF THE GEOLOGICAL STRUCTURE. 


During the year surveys were scattered over most of the Union. 
Mapping was done on the adopted scale of 10 versts to an inch, 
although in places more detailed surveys were made, e.g. in the 
industrial Ural, in the Caucasus and Trans-Caucasus, and in 
Transbaikaly, on a scale of 1:200,000, in the Ukraine and Altai 
at 1:128,000, and in South Crimea at I :42,000. 

This work led to the fixing in the North Ural of the complete 
section of the Paleozoic limestone formations, from the Upper 
Silurian to the Lower Permian, as well as to the discovery of 
Silurian formations in the upper stream of the Bielaya River. 
There were also noted the curious phenomena of bedded over- 
folds in the Tertiary formations of the Dagestan (Caucasus) 
which complicate the stratigraphic correlation of the different 
groups. 

The geological work in Russian Central Asia produced much 
data relative to the structure and led to a number of important 
questions regarding regional tectonics. The investigations have 
yielded light on territories entirely unknown previously, for in- 
stance, the mountain region Chu-Ili and Kyzyl-Kumy, where 
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Paleozoic formations have been discovered in the Upper Siluriam 
folded region. The discovery of Mesozoic folds in the region 
of Manghishlak plunging under the Ust-Urt tableland is also an 
interesting feature. 

In West Siberia study was continued in the northern part of 
Kazakstan, the Altai mountain region, the Kuznetsk Basin, and the 
Sayan Mountains along the Yenesei River. In the South Altai 
a considerable dislocation of the Tertiary formations has been 
proved. The observations made in the Kuznetsk Alatau are also 
interesting. Reversed folds have been found there asymmetrical 
to the east, and horizontal beds of Lower Paleozoic strata have 
been noted. Investigations in the ore-bearing Altai have shown 
a considerable development there of Silurian rocks. 

Among the results obtained in the eastern part of Siberia might 
be noted a mighty complex of formations in the Olkhon region, 
conformably underlying the Middle Cambrian limestones and 
apparently belonging to the Lower Cambrian. According to 
faunal evidence the age of the rocks surrounding the Nicolaevski 
field-works has now been assigned to the Silurian. In the Trans- 
baikaly the study of the complicated structure of this province 
was continued. Here was discovered the presence of marine 
Triassic formations among the autochthonous Mesozoic complex ; 
also there has been observed a large extension of marine Carbonif- 
erous among the strata lying unconformably on older forma- 
tions. A study of the Carboniferous formations showed that 
they are a part of a folded complex of Mesozoic strata found in 
certain spots among the caprock. Also there are granitic in- 
trusions which converted the lignites into coal. The develop- 
ment of this cap structure is now known to extend throughout 


Transbaikaly, and is connected with phenomena of the same order 
west of Baikal Lake. 


FIELD STUDY OF MINERAL DEPOSITS. 


Tron.—Diamond drilling in Krivoi-Rog, 802 m. deep, increased 
the total reserves of 66—70 per cent. ore to 61,000,000 tons. A 
magnetometer survey disclosed many new anomalies; east of 
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Krivoi-Rog along the first Saxaganski bed, two to the southeast 
of Kremenchug 11 and 14 km. long, and two in the Melitopol- 
Berdiansk region, each 20 km. long. 

Control test drilling was continued in the Telbess region. 

Test holes numbering 284, with a total length of 9,645 m. have 
been bored in the Kerch region, of which 2,031 m. proceeded 
through ore. The reserves established up to date amount to 2,- 
002,000,000 tons. 

Manganese.—A systematic study of the Nicopol region was 
begun. _ Within an area of 185 sq. km. an ore-bearing field of 65 
sq. km. was discovered giving a preliminary reserve of 83,000,000 
tons. The reserves of the Mazulski deposits in the Achinsk 
region, Siberia, according to preliminary computation, have been 
brought up to 1,000,000 tons. 

Tungsten.—On Sherlov Mountain (Sherlova Gora) tungsten 
deposits have been revealed containing several hundred tons of 
concentrate. 

Nickel.—In the Ufaleiski Dacha (Ural) further prospecting on 
the Tulenevski deposit revealed at considerable depth an additional 
reserve of 3 per cent. ore. Prospecting of a new deposit, that of 
Krestinski, delimited an area of about 8,000 sq. km. with ore 
averaging 3 per cent. 

Copper.—Three new ore bodies have been discovered in the 
Arshinski deposit. Especially interesting results have been ob- 
tained in the Kazakstan Republic, Central Asia, in the Pribalk- 
hash region, where three new porphyry-copper deposits have been 
discovered; one of them (Kounrad) shows signs of mineraliza- 
tion over an area of 500,000 sq. km. In the Jazkaganski region 
two chalcocite and chalcopyrite deposits were discovered by drill- 
ing. 

Lead.—In the Karamazar region (Uzbekistan Rep., C. Asia) a 
new fluorite-barite lode with a reserve of 20,000 tons lead has 
been discovered. 

Tin.—A considerable number of new deposits of tin have been 
discovered in Transbaikaly, thus delimiting a large ore-bearing 
region which finally resolves the tin problem. 
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Gold and Platinum.—This part of the field-work consisted not 
only in continued study of the gold-bearing regions already 
known, but in investigating new deposits and determining the 
value of previously unknown territories. Such research was 
carried on in northern Far East Siberia, namely, in the Olekmo- 
Kolymski region, the Olekma Basin, in northern Ural, and in 
other places. Among the results obtained may be noted the dis- 
covery of gold placers of industrial value in the Yakutian Aut. 
S. S. Rep., in the Newkursk region along the Ur-Kuma River, 
and in the Olekma region in the Cheremnaya River basin. A 
new deposit containing twelve lodes has been discovered in the 
Saralinsk region, Siberia. It is to be noted that part of these 
discoveries are due to electrical methods of prospecting. 

Asbestos of industrial quality and in pay quantities has been 
proved in two deposits: Gondurikhinski in the Ural, and Aspa- 
gashski in Siberia. 

Mica.—The pay importance of the whole mica-bearing area 
along the Mama River has been considerably enlarged by the 
determination of the industrial value of Oleni Island. 

Sulphur.—Preliminary reserves of 30 per cent. sulphur ore 
have been defined in Kara-Kum, Turkmenistan, in the southern 
portion of the.deposit, amounting to 375,000 tons. 

Potassium.—In the Ural province the potassium salts areas 
have been doubled, namely, in the Bereznikovski (52 sq. km.) and 
in the Solikamsk (40 sq. km.) regions. The probable total re- 
serves are estimated to be 900,000,000 tons. 

Emerald.—In the Bajenovski region (Ural) a certain number 
of new emerald-bearing pay-lodes have been discovered. 

Structural Materials—The plan-work on these materials, be- 
gun last year, has been continued in a number of different regions. 

Coal.—The work last year consisted in estimating reserves and 
pointing out new minable areas. In the Moscow Basin a new 
deposit of about 9,000,000 tons has been revealed near Urvanka. 
In the Ural, in the Kisel region east of the existing mine, new 
pay beds have been found. On the east side of the chain, pros- 
pecting did not give the expected results on account of the com- 











864 EDITORIAL. 


plexity of the local structure. At Tkvarcheli (Abkhasian Aut. 
Rep.) the reserves of minable coking coal amount to 110,000,000 
tons. In the different portions of the Kuznetsk Basin there were 
discovered by prospecting several new areas of commercial value 
containing a number of workable beds. Several prospecting par- 
ties have worked in different places in the Far East (Siberia, 
Pacific region). At the Bukhachacha deposits a reserve of 3,- 
000,000 tons has been established. 

Oil.—Oil investigations consisted of a systematic study of struc- 
tures in oil-bearing regions and prospecting for new deposits. 
One such was found in the northern portion of the Apsheron 
Peninsula in Cretaceous formations. On the Kerch Peninsula 
the preliminary study of the oil bearing region has been finally 
completed. The aim of this field work was to point out the most 
promising places for deep drilling. New oil-bearing areas have 
been discovered in the Temir district of the Emba region. On 
the Manghyshlak Peninsula a new oil field, Munaili, has been dis- 
covered, with geological conditions similar to those in the Emba 
region. 


Hydro-geological Work. 





This field-work comprises several 
phases, and it is intended that it shall extend systematically 
throughout the territory of the Union. A large detailed enter- 
prise in this line has been started in order to provide the Donetz 
Basin with drinking water. 

The construction of the Turkestan-Siberian railway necessi- 
tated the provision of water supplies, which has been accom- 


plished. Also the steadiness of the soil along the railway tracks 


was studied. 
Finally, there has been organized on a large scale field-work 


concerning the study of landslip conditions, and the elaboration of 
methods for struggling against them in the region of the South- 


ern Crimean shore. 


The study of mineral waters and sources has also been con- 


tinued, and resulted in finding the rich sources of Psecoop. 





P 
geolc 
and | 
ods. 
ing ; 
The 
cent. 
m. v 
drilli 
was 
work 
used 

Tc 
Com: 
medi: 
and < 
have 
surve 
cover 
instrt 





EDITORIAL. 865 


Prospecting.—In conclusion we may call attention to the special 
geological work related to prospecting, which consists of drilling 
and mining work and the use of geophysical prospecting meth- 
ods. Seventy-three parties were engaged in prospecting drill- 
ing; 35 of them used mechanical boring and 38 hand boring. 
The total drilling amounted to 77,458 meters, which is 153 per 
cent. more than in the previous year. Of this amount, 53,157 
m. was by hand churn drilling, 2,192 m. by mechanical churn 
drilling, and 22,099 m. by core drill. The number of rigs in use 
was 142, instead of 101 as in the preceding year. Mining field 
work has been carried on by 52 parties; geophysical methods were 
used by 32 parties. 

Topographical WV ork.—As in previous years, the Geological 
Committee was obliged to carry on topographical work in im- 
mediate connection with the requirements of the geological survey 
and of the study of the mineral deposits. Seventy-one surveys 
have been accomplished by instrumental and partly instrumental 
surveying on scales of 1:100,000 and 1:200,000. The areas 
covered by instrumental work were 15,795 sq. km., and by partly 
instrumental survey 16,278 sq. km. 

D. MUSHKETOV. 








DISCUSSION AND 
INFORMAL COMMUNICATIONS 





STRUCTURAL CONTROL OF ORE DEPOSITION. 


Sir: My attention has been called to an article by Carlton D. 
Hulin,’ on “ Structural Control of Ore Deposition.” It has been 
suggested to me that the contribution bore great similarity to 
ideas that had been advanced by myself during the past several 
years. A perusal of the article seems to make it necessary to 
point out some of these resemblances, especially as it is expected 
to use these ideas as a basis for future work. 

Among the points made, the principal one is that in the forma- 
tion of an ore shoot, the vein may have been opened and reopened 
an indefinite number of times. The author has generalized this 
in the following words: “ Vein formation by the repeated filling 
of small openings produced recurrently by intermineralization 
fault movements.” ? 

In the fall of 1924, I sent an article to the Eng. and Min. Jour., 
entitled, “ Minor Crustal Movements and Ore Deposits.” The 
editor objected to publishing as it stood, and suggested cutting it 
down and publishing it in “ discussion.” This I acceded to, and 
the abbreviated article appeared November 15, 1924.° In this the 
principle of gradually opening veins through intermittent fault 
movements was developed. Some of the ideas advanced were as 
follows: 


Mineral districts are often described as regions of disturbance but it 
may be questioned if ores are formed during periods of violent move- 
ment. Short slips and faults seem to be the invariable accompaniments 
of ore deposits. This condition constitutes one of the commonest peculi- 
arities of mineral districts and indicates long periods of unsettlement or 


1 Econ. GEOL., vol. 24, pp. 15-49, 1929. 

2 Op. cit., p. 23. 

3 Eng. and Min. Jour., p. 781-782, 1924. 
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instability. It appears probable that this unsettled condition is an essen- 
tial factor in the formation of ores. Perhaps the most important reason 
for this belief is that solutions laden with mineral matter, as they pre- 
cipitated their burden and filled the channel with ore and gangue, would 
choke the opening against further flow. In a highly unstable region, 
however, slight recurrent movements in the opposite walls of the fissure 
would reopen the channel. . . . Such movement must either rupture the 
deposited material, or break it loose from one wall or the other. 


And further: 


Shattering of vein material and subsequent cementation of the frag- 
ments into breccia within a vein is dependent upon minor movements, and 
it is a question if that medley of effects that the miner describes as 
“live” is not one dependent upon a breaking, often pronounced, and a 
latter cementation. 

In a subsequent contribution * the following may be found: 


There must be an adjustment and a readjustment of the blocks of rock 
and an intermittent reopening of fissures; an unobtrusive but important 
point in the formation of ores. 


Also: 


. much evidence may be adduced that the openings in many fissures 
are of slow growth, and that the deposition of the ore and the expansion of 
the fissure may progress simultaneously.® 

This latter quotation is from what was essentially, at that time, 
the unpublished portion of “ Minor Crustal Movements and Ore 
Deposits,” which though it was a criticism of the vein-dike ex- 
planation of inclusions in veins, nevertheless, developed some 
striking examples of reopened fissures and successive periods of 
mineralization, along with detailed explanations of the process. 

On page 21, Hulin says: 

The preceding argument has brought out, however, that major fault 
lines may in general be expected to be less favorable sites for vein forma- 
tion than other minor fissures, due to the amount of movement the major 
lines have suffered, and the consequent amount of inert and impermeable 
gouge developed therein. 

Again quoting from my “ Minor Crustal Movements and Ore 
Deposits ” (1924) : 

4 Trans, A. I. M. E., separate no. 1512, Dec., 1925. 

5 Trans. A. I. M. E., vol. 74, p. 117. 
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Short movements have been emphasized because rocks at considerable 
distances below the surface are necessarily under pressure. It seems 
certain that large movements with the rocks under great pressure would 
grind away bulges such as are shown in the above figures, permitting the 
walls to approach closely at all points. This would necessarily produce 
considerable quantities of powdered rock or gouge in the presence of 
moisture, which would be forced into any open spaces that might still 
exist. Under such conditions it is not likely that channels would be 
left open for the flow of solutions. 


With reference to the statement: “The importance of pre- 
mineral faulting in mineralized regions has been largely under- 
estimated by geologists” (p. 19). It is necessary here to call 
attention to another article written by myself, viz.: “ Intersecting 
Fracture Zones and Mineral Districts.”’° In that article there 
will be found some impressive examples of faulting, particularly 
that of the Wasatch, Oquirrh and Uintah mountains in Utah, 
and of the Flowery and Wasatch ranges and their junction at the 
Comstock Lode, Nevada. This faulting not only preceded the 
mineralization, but preceded and was independent of the igneous 
activity of these regions as well. It was out of the observations 
recorded in this paper, that the conception of intermittent move- 
ments in veins and mineral districts found its beginning. A 
perusal of this paper, followed by the separate quoted above (No. 
1512), then by “ Minor Crustal Movements and Ore Deposits,” 
and finally by discussion of inclusions following Lindgren’s 
“Magmas, Dikes and Veins,” will no doubt impress the reader, 
that although the reopening of fissures through repeated fault 
movements is a highly important and an essential factor in the 
formation of ore deposits, yet it is only one step in a sequence of 
events. 

It seems that Mr. Hulin has confined his conceptions of re- 
opening fissures to the formation of veins. It should not be 
overlooked, however, that the same factor may be of as great 
value in keeping channels open whether they in themselves become 
veins or not. This is in keeping with the general theme as out- 
lined in the four papers cited above, that regions containing 


® Eng. and Min. Jour., Oct. 25, 1924. 
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epigenetic deposits are regions that show great structural weak- 
nesses, and it is easy to understand that the factor of repeated 
opening and fracturing within feeders may be just as necessary 
to carry the mineral to a point where conditions are favorable to 
form replacement or other types of deposit, as to form shoots, 
chimneys, or lenses within the channel itself. Obviously this 
aspect of the subject is important, as its application will involve 
the general principle of reopening fissures as a factor in the 
formation in all types of epigenetic deposits. This phase of the 
subject, however, is advancing into new ground, as this view, 
although having been under consideration for some years, is, as 
far as known to myself, given expression here for the first time. 

Mr. Hulin, in extending his remarks to pre-mineral faulting 
on the one hand, and inclusions on the other, has evidently co- 
ordinated these phenomena and preémpted what a perusal of my 
own papers cannot fail to show has been the controlling idea of 
my own work. This becomes evident when it is recalled that the 
paper on “ Minor Crustal Movements,” and the discussion of 
“Inclusions ”’ were originally one paper. The connection be- 
tween the first of these, namely: “ Minor Crustal Movements,” 
and its forerunner, “Intersecting Fracture Zones and Mineral 
Districts ” should be obvious, especially in the light of the quota- 
tion already made from the separate No. 1512, and such passages 
as the following from the same paper: “It is not difficult to 
realize that such a region of intersection will be one of extreme 
instability” (p.6) and“. . . at such an intersection there should 
be a region of intensive fracturing and extreme crustal weakness ” 


(p. 8). 


C. A. Porter. 
Waxuaw, N. C. 


THE USE OF THE TERM “ DEUTERIC ” 


Sir: As different opinions have been expressed during a discus- 
sion going on in the Journal of Economic GEoLocGy concerning 
the correct use of the term deuteric, originally proposed by me, 
I beg you to allow me to state here my idea about its proper 
application. 

56 
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As appears in the original definition quoted by Gillson, my pur- 
pose with the introduction of that term was to make it possible 
to discriminate between such metasomatic changes as belong to a 
later period of metamorphism, 1.e, are secondary in the strictest 
sense of the word, and those that have taken place in direct con- 
tinuation of the consolidation of the magma of the rock itself. 
Although the term thus to a certain extent refers to the origin, 
it was not meant to be descriptive of the process but of the changes 
in the minerals caused by the process. 

Later, Colony proposed to extend the use of the term, speaking 
about a general deuterization of rock masses. I am in general 
agreement with Colony as to the conception of the process which 
he describes, and also as to the desirability of a term to cover it. 
However, I feel doubtful whether it may be correct to use the 
word deuterization with that connotation. 

As the term deuteric strictly corresponds to secondary, deuteri- 
sation would be analogous to secondarization, which could hardly 
be used to designate a process. 

I think it important that minerals should be designated as 
deuteric only when a replacement of definite primary minerals 
belonging to the same magmatic cycle has occurred. 

As to the designation of the process, I have not yet been able 
to find a term which would seem quite satisfactory. I have con- 
sidered the words deuterolytic changes, which would involve the 
minimum of modification of terms already in use. It may, how- 
ever, be objected that the word deuteros in connection with lytic 
does not correspond strictly to the first parts of analogous words, 
such as hydrolytic, pneumatolytic, electrolytic, etc., which desig- 
nate the causa agens of the solution processes, while deuteros here 
refers to the time of the change. Of still more importance is the 
objection that the strictness of the term deuteric may be lost, if 
another similar word is introduced with which it may be easily 
confused. 

I will therefore leave the introduction of such a more compre- 
hensive term to the future when we also know more about these 
processes. 
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As to the question touched upon by Mr. Osborne, about the 
origin of the solutions causing the changes, I think that it may 
in many cases be difficult to decide whether the solutions have 
emanated from the nearest portions of the rock masses undergoing 
crystallization, or from magma still remaining liquid at greater 
depth. In the cases studied by me, I am, however, inclined to lay 
more stress upon the first-mentioned process. 


J. J. SEDERHOLM. 
CoLUMBIA UNIVERSITY, 
New York, N. Y. 











REVIEWS 


The Nappe Theory in the Alps. By Franz Heritscu. Translated from 
the German by P. G. H. BosweELt. 213 pages, 16 ill., 48 maps, dia- 
gram. Methuen & Co., Ltd., London. Price, 14s. 

That the Alps contain some of the most complex structures of any 
mountain system in the world has been generally appreciated for some 
time, but the scarcity of literature in English concerning these structures 
has made it difficult, particularly for American geologists, to appreciate 
the magnificent problems which these structures present. The appear- 
ance of the recent book of Professor Leon Collet, “ The Structure of the 
Alps,” was welcome in this connection. This book gives one a clear 
understanding of the celebrated Nappe Theory in the form which is gen- 
erally accepted among Swiss geologists. More recently Professor Bos- 
well has rendered a fine service in translating a book which gives a 
different theory of Alpine structure, a view which has been held for 
some time by many East Alpine geologists. Professor Heritsch considers 
that “the fundamental question of Alpine tectonics is to what extent the 
Nappe Theory is true.” He considers that the extreme view so preva- 
lent that the rootless northern Alps have been carried northward for 
hundreds of miles across the other ranges is not sufficiently established. 
He points to the difficulty of applying the depositional facies to the 
elucidation of the great overfolds and overthrusts of the northern Cal- 
careous Alps, and thinks that it is only safe to apply tectonic relations. 
He gives many reasons for questioning the connection between the so- 
called roots and the folds to the north. He gives reasons for believing 
that some of the supposed rootless mountains of the eastern Alps are 
autochthonous (formed in place) and that others have not been shoved 
far from their original localities. He questions whether there has been 
sufficient time since the mid-Tertiary orogeny for the removal of the 
numerous thick sheets of rock which the Nappe Theory assumes. Nor 
does he believe that there is sufficient sediment in the Alpine foreland to 
suggest such erosion. On the other hand Heritsch makes it very evident 
that there has been a tremendous amount of overfolding and thrust fault- 
ing on a smaller scale, involving such distances as 10 or 15 miles, with 
considerable movement from east to west. He emphasizes the view that 
the orogeny was not concentrated into a short period of time but was 
spread out over much of the Tertiary and probably occurred to an im- 
portant degree in earlier periods. He stresses the influence of the Pre- 
872 





Gosa 
parti 

Th 
emph 
ofa 
dispu 
Staul 
knov 
geog 
map 
(Ref 
an e€ 


Dan: 
fig 
In 

mad 

with 
chan 
curr 
pape 
abou 
ogy 

dent 


Geo} 
0; 


REVIEWS. 873 


Gosau (Upper Cretaceous) folds in developing the more recent structures, 
particularly in the Eastern Alps. 

The book discusses the various ranges of the Alps with particular 
emphasis on the Eastern Alps. . Much of it is a compilation of the work 
of a large number of other writers, presenting both sides of many of the 
disputed points. Reference is made especially to the work of Kober, 
Staub, Heim, and Suess. To appreciate the book one should have some 
knowledge of the Nappe Theory as well as a fair knowledge of the 
geography of the Alpine regions. It is rather unfortunate that a general 
map showing some of the physiographical relations was not included. 
(References to the best maps are given, however.) The book contains 
an excellent glossary of Alpine terms. 


F. P. SHEPARD. 


Dana’s Manual of Mineralogy. 14th ed. By W. E. Forp. Pp. x+ 476, 
figs. 360, pls. 10. Wiley & Sons, New York. 1929. Price, $4.00. 

In this new edition of Dana’s “ Manual” minor changes have been 
made in the text of the previous edition to bring the book into accord 
with recent developments in the science of mineralogy. The principal 
change is in the addition of paragraphs dealing with the origin and oc- 
currences of the mineral species. The book is well printed on good 
paper and is furnished with a flexible binding. The volume occupies 
about the same place in America as does Rutley’s “ Elements of Mineral- 
ogy in Great Britain.” Both are excellent textbooks for beginning stu- 
dents of minerals. 


W. S. Baytey. 


Geophysical Methods of Prospecting. By C. A. HEILAnp. Quarterly 
of the Colorado School of Mines, Vol. 24, No. 1, March 1929, 163 
pages, 66 text figures. Price, $1.00. 

The purpose of the paper is not only to describe the fundamental prin- 
ciples of geophysical prospecting, but mainly to demonstrate the actual 
extent and recent success of geophysical methods on this continent. The 
various methods, pendulum, torsion balance, magnetometer, radioactive, 
geothermal, seismic, and electric, and the principal instruments used in 
them, are described. Extensive summaries are given of the extent of 
geophysical prospecting, areas worked, costs, number of instruments, and 
companies using them, geophysical consultants, and manufacturers of 
geophysical instruments. The results of the geophysical work are dis- 
cussed at considerable length and the successes listed. 

A most vivid picture is given of the magnitude and extent of geo- 
physical prospecting and of the general magnitude of the success which it 
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has had. But reported successes have been accepted rather uncritically 
mostly at face value; an old known salt dome and two salt domes dis- 
covered on the basis of geology are credited to geophysics; torsion 
balance domes and prospects are credited to the seismograph; no distinc- 
tion is made between geophysically discovered domes which are rather 
generally accepted as probably existing and discredited discoveries or 
discoveries which have existed only for a couple of weeks in scout rumor. 
Some statements, made rather dogmatically and without reservation, in 
regard to the significance of torsion balance work, seem to the reviewer 
severely open to question. The evaluation of the success of the various 
methods, especially the magnetic method, seems somewhat too optimistic. 
The paper represents the compilation of a vast amount of data. The 
grade of the paper is more that of a trade than a scientific journal. If 
that limitation of its scope be kept in mind, the reviewer recommends the 
paper as a valuable reference source for a wide range of data about geo- 
physical prospecting, and as a vivid and interesting delineation of the 
magnitude and extent of geophysical prospecting on this continent. 


Dona.Lp C. Barton. 


Elements of Mineralogy. 22d Ed. By F. Rurtzey. Revised by H. H. 
Reap. Pp. vii+ 394, figs. 82. Thos. Murby & Co., London, 1929. 
Price, 6s. 

The popularity of this little book on minerals is attested by the fact 
that a new edition was demanded only three years after the appearance 
of its immediate predecessor. The material that was formerly given in 
appendices has now been incorporated in the body of the text and this has 
been brought up to date. The chapter on crystallography has been en- 
tirely rewritten and a brief chapter on optical properties has been added. 
In the description of the mineral species more emphasis has been placed 
on their economic importance with the aim of making the book “an 
introduction to the scientific prospecting and determination of mineral 
deposits.” A short glossary of terms used by economic geologists, and 
a “‘ Table of the Geological Systems ” as exhibited in Great Britain, con- 
clude the volume. In plan the new book follows that of earlier editions. 
The new edition is a convenient little summary of scientific and practical 


mineralogy. W. S. BAYLEY. 


Report of the Federal Oil Conservation Board to the President of the 
United States. Pp. 218. Office of the Board, Washington, 1929 
(Sept.). 

The report itself covers 9 pages. Appendix A, II. (7 pp.), by a tech- 
nical sub-committee whose secretary is Max Ball, deals with the conser- 
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vation of gas; Appendix B (15 pp.), is a legal report on conservation 
by a committee of the American Bar Association, C. I. Long, chairman; 
Appendix C, the main body of the report, by H. Redfield, deals exhaus- 
tively with the petroleum resources of foreign countries and outlying 
possessions of the United States. There is a valuable bibliography of 
27 pages that lists, under each country, the important papers dealing with 
petroleum resources. 
Aan BATEMAN. 


North America: Historical, Economic and Regional Geography. By L. 
R. Jones ann P. W. Bryan. 2d ed., revised. Pp. 559, figs. 100. 
Dial Press, New York, 1929 (Sept.). 

A well-written account of the historical, economic and regional geog- 
raphy of the continent; carefully illustrated. Part II. contains discus- 
sions of the coal, iron, oil and non-ferrous industries. An interesting 
and valuable reference book. 


BOOKS RECEIVED. 


Paleontology. By E. W. Berry. Pp. 392, figs. 174; McGraw-Hill, New 
York, 1929. Price, $3.50. 
An authenticated treatment of the subject along evolutionary lines, 
stressing the adaptations of organisms to their environment. Well writ- 
ten and valuable to all interested in paleontology. 


College Geology. By CHAMBERLIN AND SALISBURY: Part I, Processes. 
Revised by R. T. CHAMBERLIN AND P. MacCirntocx. Pp. 390; pl. 19, 
figs. 334. Holt & Co., New York. Price, $3.00. 

Reprinting without revision of the now well known book that appeared 

in its present form in 1927. 


Field Book of the Skies. By W. T. Otcotr anp E. W. Putnam. Pp. 
534, pl. 8, numerous figs. G. P. Putnam’s Sons, New York, 1929 
(Sept.). Price, $3.50. 

A popular presentation of the mythology of the constellations, some 
simple facts of astronomy, and how to recognize the stars by eye and 
small telescope. 


The New World: Problems in Political Geography. By Isaran Bow- 
MAN. Fourth edition, entirely revised; pp. 809, maps 257. World 
Book Co., Yonkers, N. Y., 1929 (Sept.). Price, $4.80. 

An authoritative and masterly treatment of the post-war political, terri- 
torial and economic conditions of the important countries of the world. 
Finely printed, excellently illustrated. An educational book everyone 
should own. 
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The South American Handbook, 1929. Edited by J. A. Hunter. Pp. 
745. South American Publications, Ltd., London, 1929. U. S. agents, 
Sanderson & Son, 26 Broadway, New York. 

Handy book of reference and guide for travelers. Gives physical fea- 
tures, resources, trade, government and travel facilities. 


The Mineral Industry of New South Wales. By E. C. Anprews and 
staff. Edited by F. S. Mance. Pp. 432, pl. 40, figs. 27. Dept. of 
Mines, New South Wales, Sydney, 1928 (Sept., 1929). Price, 7s, 6d. 
The mineral industry of this country brought up to date. Compre- 

hensive. 


Geological Structures. By Barrey WILLIS AND Rosin WILLIS. 2d edi- 
tion, revised and enlarged. Pp. 518, figs. 163. McGraw-Hill Book 
Co., New York, 1929 (Oct.). Price, $4.00. 

A rather comprehensive revision of a well known book that should be 
in every geologist’s library. Handsomely bound in limp leather, pocket 
size. 


Recent Mining Developments in the Creede District, Colorado. By E. S. 
Larsen. U. S. Geol. Survey Bull. 811-B, pp. 89-112. 1929 (Sept.). 


The Mount Spurr Region, Alaska. By S. R. Capps. U.S. Geol. Survey 
Bull. 810-C, pp. 141-172, map. 1929 (Sept.). 
General geology; coal. 


The Geology of the Major Portion of East Griqualand: explanation of 
Cape Sheet No. 35 (Matatiele). By A. L. pu Tort. Pp. 36. So. 
Afr. Geol. Survey, Pretoria, 1929 (Aug.). Price, 5s. 


The Geology of the Country surrounding Pretoria: explanation of Sheet 
No. 1, new ser. Scale, 2.347 miles. By H. Kynaston, rev. by L. J. 
Krice AND B. V. Lomparp. Pp. 48. So. Afr. Geol. Survey, Pretoria, 
1929 (Aug.). Price, 5s. 


The Geology of the Postmasburg Manganese Deposits and the Surround- 
ing Country; explanation of geological map. By L. T. Net. Pp. 109, 
pl. 12, figs. 11. Two sheets, scale 1: 59,500. So. Afr. Geol. Survey, 
Pretoria, 1929 (Sept.). Price, 10s, 6d. 

Excellent description of the geology, and some economic remarks on 
these stupendous South African manganese deposits. 


Surface Water Supply of the Sacramento River Basin, California, 1895- 
1927. By H. D. McGtasuan. U. S. Geol. Surv. Water Supply Pa- 
per 597-E, pp. 189-250. 1929 (Oct.). 
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Sand and Gravel Deposits of New York State. By C. M. Nevin. Pp. 
180, figs. 42. N. Y. State Museum Bull. 282, Albany, 1929 (Sept.). 
Origin; tests; uses; exploration. 


Structure of the Ouachita Mountains of Oklahoma and Arkansas. By 
Hucu D. Miser. Pp. 30, pl. 3, figs. 7. Okla. Geol. Surv. Bull. 50. 


Norman, Okla., 1929 (Nov.). 

Oil and Gas in Oklahoma: Bull. 40 KK, Okfuskee County, by J. P. 
Boye. Pp. 24, pl. 3, figs. 5. Bull. 40 II, Haskell, Latimer, Leflore 
and Sequoyah Counties, by J. A. Stone and C. L. Cooper. Pp. 24, 
pl. 2, figs. 2. 1929 (Aug.). 


Factors Governing Removal of Soluble Copper from Leached Ores. By 
J. D. Suttivan and A. J. Sweet. Pp. 26, figs. 13. U. S. Bureau of 
Mines Tech. Paper 453, 1929 (Oct). Price, 15 cts. 


Rock Bursts in the Lake Surcrior Copper Mines, Keweenaw Point, Mich. 
3y W. R. Crane. Pp. 43, figs. 31. U.S. Bureau of Mines Bull. 309, 
1929 (Oct.). Price, 20 cts. 

Interesting discussion, well illustrated, of the occurrence and causes 
of rock bursts. 

Forsyth Coal Field, Montana. By C. E. Dozpsryn. Pp. 55. pl. 10, fig. 1. 
U. S. Geol. Survey Bull. 812-A, Washington, 1929 (Oct.). 

A succinct account of the general geology and coal. 


Comptes Rendus, Congrés Geologique International, 14th Session, Spain 
1926. Part IV. Pp. 1367-2152. 1928 (July, 1929). 


Tanganyika Territory Geological Survey, Annual Report, 1928. By E. 
O, Trace, Director. Pp. 48. Dodoma, 1929 (Sept.). Price, 4s. 
Description of the year’s investigations, 


Canada Geological Survey, Summary Report, 1928. Part A (No. 2202), 
210 pp., and Part B (No. 2206), 131 pp. Ottawa, 1929 (Oct.). 
Summary of field work conducted during the year in the Western 

Provinces. 

Britannia Beach Map-area, British Columbia. By H. T. James. Pp. 139. 
pl. 4, figs. 12. Canada Geol. Survey, Mem. 158, 1929 (Oct.). Price. 
25 cts. 

General and economic geology of the region, including the well-known 

Britannia copper mine. 











SCIENTIFIC NOTES AND NEWS 





Roland Blanchard is at the head of a party of geologists who left San 
Francisco in November for Queensland, Australia, where they will ex- 
amine the Lawn Hills Concession of the Mining Trust. 

William F. Foshag has been appointed curator of the Division of 
Mineralogy and Petrology, U. S. National Museum, which now includes 
also the former divisions of Physical and Chemical Geology. 

W. E. Wrather, of Dallas, Texas, has been appointed Lecturer in Yale 
University by the aid of the June Binney Fund, and will deliver in Jan- 
uary a course of lectures on the geology of petroleum and gas. 

W. H. Collins, Director of the Geological Survey of Canada, has re- 
turned from Africa, where he attended the International Geologic Con- 
gress. 

Charles P. Berkey, of Columbia University, George D. Louderback, 
of the University of California, and Ira P. Williams, of Portland, Ore., 
are the geologist members of a commission to examine the San Gabriel 
dam site to verify recent unfavorable reports. 

George Otis Smith, Director of the U. S. Geological Survey, gave an 
address at the dinner given by the American delegates to the Japanese 
engineers at the World Engineering Congress in Tokyo. 

M. E. Hurst, who has been engaged during the summer in work for 
the Geological Survey of Canada, has been appointed to the geological 
staff of the Ontario Department of Mines. 

Bertrand Denis has accepted the position of staff geologist of the Pro- 
vincial Mines Bureau of Quebec, Canada. 

William O. Hotchkiss, President of the Michigan College of Mining 
and Technology, Houghton, Mich., is a member of the Science Advisory 
Committee of the National Research Council and chairman of the sub- 
committee on geology, to prepare an exhibit for the Progress World's 
Fair Centennial to be held in 1933 at Chicago. 

Rush T. Sill is now associated with L. L. Root, former state miner- 
alogist of California, with an office in Los Angeles for the practice of 
mining engineering. 

Waldemar Lindgren has returned from a European trip. 

Joseph H. Turner has been appointed geologist of the Independent Oil 
and Gas Company, San Antonio, Texas. 

Louis A. Wright, the foreign representive for Mayflower. Associates, 
has headquarters in London at Stone House, Bishopsgate. 

L. B. Slichter, who has been engaged in geological prospecting in Peru 
for several months, has returned to the United States. 
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Lafayette College dedicated its new John Markle Mining Engineering 
Hall on December 6, and on December 7 held a conference on the Rela- 
tion of Mining Engineering to Industry. 

The Washington Academy of Science held its 227th meeting in Wash- 
ington Nov. 26. The subject was a symposium on the 1929 scientific 
explorations in Alaska, which included ten-minute illustrated talks by 
seven different members. 

The Geological Society of America will hold its annual meeting in 
Washington, D. C., December 26 to 28. 

The American Association of Petroleum Geologists will hold its Fif- 
teenth Annual Meeting at the Roosevelt Hotel, New Orleans, La., March 
20, 21, and 22, 1930. This year the Association will handle its program 
through a central committee. F,H. Lahee, P. O. Box 953, Dallas, Texas, 
has charge of the technical program. 

The University of Minnesota, aided by a grant from the National Re- 
search Council, has established a laboratory for the making of rock 
analyses. The work will be carried on by skilled chemists to insure that 
analyses of satisfactory quality will be available for research work. 
Professor Frank F. Grout, whose analyses for years have been given high 
rank, will be in charge of the laboratory. Dr. R. E. Ellestad, who has 
been research assistant in the chemical laboratories at Harvard and in- 
structor at Tufts, will make the first analyses. 

The establishment of this laboratory will fill a much-felt need for 
North American geologists. Heretofore it has been difficult to have 
dependable analyses made, inasmuch as the excellent laboratories of the 
U. S. Geological Survey and the Carnegie Institution have been kept 
busy on research conducted by members of their own organizations. 
Consequently others had to turn elsewhere, to chemists who usually had 
not opportunity by continuous work to become sufficiently skilled to insure 
dependable results. Petrologists throughout the country can now be 
assured of a place to send rocks for analyses where results of research 
caliber will be turned out and their work will receive immediate atten- 
tion. Probably no other institution is more favorably situated than the 
University of Minnesota for the undertaking, either as to personnel, 
space, or materials. As the work grows, further assistance will be em- 
ployed and fellowships may be offered for advance students in geology 
and chemistry. Dr. Grout is to be congratulated on his excellent under- 
taking. 











[Nore.—In this index the titles of principal papers and the headings of 


partments, as Discussion, are in italics.] 


Abrasives, grading, A_ laboratory 
method for (Vanderwilt), 853 

Adams, F. D., and Barlow, A. E., on 
amphibolites, 725 

Adams, S. F., on * phantom veinlets,” 
27 

Agawa iron formation of northeast- 
ern Minnesota (Stark), 528 

Ahlfeld, F., on Bolivian tin deposits, 


348 
Albite, 82, 172 
Alcock, F. J., on Wekusko rocks, 462 
Alling, H. L., on feldspar inter- 
growths, 172 
on mineralography of the feldspars, 


15 
Alps, nappe theory, 872 
Amazon River, iron and silica content, 
274 
Ambronn, R., review of book by, 103 
Amisk series, 458 
Amphibole, spectrograms 
manium lines, 478 
Amphibolite, 725 
Analyses (see Chemical analyses) 
Analytical principles of the production 
of oil, gas, and water from 
wells (review), 451 
Andalusite, germaniferous, 475 
spectrograms with germanium lines, 
476 
Anisotropism in metallic minerals, 
The determination of (Samp- 
son), 412 
Antevs, Ernst, review of book by, 453 
Anthracite, Colorado, 3 
heating tests on, 9 
Antigorite, 695 
Apatite, 175 
Apex mine, Missouri, 569, 582 
Apparatus for experimentation of 
chalcocite, pyrite, and pyrrho- 
tite, 817 
for levigating abrasives, 854 
for studying polished sections, 422 
Arkansas, northern, section, 252 
Arlington feldspar quarry, Maryland, 
621 


with ger- 


2 
Arsenic in Michigan copper deposit, 
150, 158 


INDEX TO VOLUME XXIV. 


880 


Artesian pressure, origin, 94, 542, 758 
relation to depth, 552 

Arzruni, A., on chromite deposits, 715 

Assimilation and petrogenesis; sep- 
aration of ores from magmas 
(review), 782 

Atwood, G., and Bonney, T. G., on 
geology of Venezuela, 798 

Aurora district, Missouri, 241 

Autunite, 176 

Bacterial precipitation of iron, 278, 
371 

Bain, G. W., The graphite deposits of 
Louisa, Quebec, 733-752 

Bain, H. F.. on Wisconsin lead and 
zinc district, 256 

Bain, H. F., Van Hise, C. R., and 
Adams, G. I., on Ozark region 
lead and zinc deposits, 243 

Ball, S. H., on ore deposits of Nevada, 


125 

Ball, S. H., and Smith, A. F., on lead- 
zinc ores of central Missouri, 
230 


Ball clays (review), 784 
Baltic lode minerals, 313 
Baluchistan chromite deposits, 
Bancroft, W. D., on colloidal 


195, 
action, 


Banding of iron and silica, 285, 

Bankou Kadans, 202 

Barite district of Missouri, 238 

Barringer. D. M.. Jr., with Trischka, 
Carl, and Rove, O. N., Box- 
work siderite, 677-686 

Barton, D. C., reviews by, 103, 104, 
674, 784, 873 

Basalt sheets, Yampa coal field, 1 

Bastin, E. S., on feldspar deposits, 613 

on Joplin zinc and lead deposits, 243 

Bastite, 605 

Bateman, A. M., Some covellite-chal- 
cocite relationships, 424-439 


517 


editorial, The Fifteenth Interna- 
tional Geological Congress, 753- 
757 


on inclusions in veins, 601 
reviews by, 216, 217, 337, 338, 451, 
874 








INDEX TO VOLUME XXIV. 


Bateman, A. M., and McLaughlin, D. 
., on Kennecott ores, 433 

Batesville, Arkansas, manganese min- 

erals, 497 

Batesville manganese district, 253 

Bayley, W. S., review of book by, 217 

reviews by, 107, 216, 217, 339, 452, 
563, 564, 780, 784, 873, 874 

Beck, a on transportation of iron, 


20 
Becker, G. F., on Comstock lode, 137 
on solubility of pyrite, 813 


Bement, A., review of book by, 338 

Bementite, 488 

Benson, W. N., origin of serpentine, 
640 

Beringer, B., review of book by; 107 

Berry, E. W., on Dakota sandstone 
plants, 544 

Beryl, 175 

Bibliography, Bolivian tin deposits, 
362 

Binocular microscope in examining 


polished sections, 577 

Biotite, 174 

Bituminous coal, tests on, 8 

Biwa Lake, muds, 842 

Blake, W. P., on Wisconsin lead and 
zinc district, 256 

Blanchard, Roland, with Boswell, P. 
F., Cellular structure in limo- 
nite, 791-796 

Block diagram, Louisa graphite de- 
posits, 743 

Blue Hill, Maine, district, 182 

Bog iron ores, renewal, 287 

Bolivian tin veins, The problem of 
supergene cassiterite in (Singe- 
wald), 343 

Bongamunda Kadans, 200 

Bonillas, Y. S., Tenny, J. B.. and 
Fuechere, L., on boxwork sid- 
erite at Bisbee, 677 

Books received, 108, 218, 340, 454, 565, 
675, 785, 875 

Bordeaux, A. F. J., on gold fields of 
French Guiana, 808 


Bornite and chalcocite, intergrowth, 
443 
Boswell, P. F., and Blanchard, Ro- 


land, Cellular structure in lime- 
nite, 791-796 
Bowen, N. L., on the evolution of 
igneous rocks, 692 
review of book by, 448 
Boxwork limonite, 791 
Boxwork siderite (Trischka, 
and Barringer), 677 
Bracewell, S., on geology of British 
Guiana, 799, 808 


57 


Rove. 


881 


Bragg, W. H., on crystals of spinel 
group, 599 

Branner, J. C., on geology, 798 

Braunite, 488 

Brecciation, intermineralization, 26 

sen E. T., review of book by, 


104 

British Guiana, diabase intrusions, 808 

Broderick, T. M., Zoning in Michi- 
gan copper deposits and its sig- 
nificance, 149-162, 311-326 

on magnetite deposits, 66 

Bromide, Oklahoma, manganese min- 
erals, 407 

Brown, J. S., on graphite deposits, 749 

Brown, R. W., review by, 104 

Bruce, E. L., The Sherritt Gordon 
copper-sinc deposit, northern 
Manitoba, 457-469 

Bruce series, 723. 
Bryan, Kirk, review of paper by, 561 
Buckley, E. R., on disseminated lead 
deposits of Missouri, 234 
Buddington, A. F., on Alaska ore de- 
posits, 123 

Buehler, H. A., on lead ores of Ozark 
region, 234 

eres = S., on Tertiary intrusions, 


B. S., and Burbank, W. S., 
on copper deposits of Michi- 
gan, 322 
review of book by, 669 


Butler, 


California, chromiferous rocks, 702 

California and Nevada, contrast in 
ore deposits, 126 

California Rand silver mine, sequence 
of mineralization, 32 

Callahan, W. H., and Newhouse, W. 
H., A study of the magnetite 
ore-body at Cornwall, Pennsyl- 
vania, 403-411 

Cameron, F. K., on soil solution, 50 

Carbon dioxide, solvent action, 51 

Carbonization in Yampa coal field, 12 

Cartographic correction for the 


Eétv6s torsion balance (re- 
view), 784 

Cassiterite 

Cayeux, L., on the origin of oolitic 
ores, 522 


Celadonite, 850 
Cellular structure in limonite (Bos- 
well and Blanchard), 791 
Cerro Gordo district, California, 125 
Chalcocite, preparation and experi- 
ments on, 815 
two forms of, 432 








882 


Chamberlin, T. C., on Wisconsin lead 
and zinc district, 256 
Chamosite, 689 
Chattanooga shale, Miami district, 
251 
Chemical analyses— 
Agawa iron-bearing rocks, 535 
coals, Yampa coal field, 5 
cobalt mineral, 728 
dolomite, 92 
dunite minerals, 
Carolina, 643 
Ellsworth schist, 193 
hausmannite, 484 
manganite, 483 
mud grains, 846 
peat solution, 515 
pyrolusite, 484 
siderite, 679 
Silver mine granite, 571 
Chitung Buru, 201 
Chromite, crystallization, 632 
in Alaska, 606 
in Australia, 709 
in California, 702 
in fresh rocks, 606 
in hydrothermally altered rocks, 698 
in New Caledonia, 710 
in New Zealand, 697 
in North Carolina, 642, 700 
in Norway, 608 
in Oregon, 704 
in Pennsylvania, 701 
in thin section, 692 
in Southern Rhodesia, 706 
in Transvaal, 704 
in veins, 633 
in Washington, 704 
minerals associated with, 694 
origin, 711 
paragenetic relations, 696 
production in India, 204 
structural relations to other min- 
erals, 637° 
Chromite deposit, Origin of (Fisher), 
691; types of occurrence, 713 
Chromite ores, description, 692 
Chromite-bearing ultrabasic deposits 
of Singhbhum (Mahadevan), 


Webster, North 


j=] 


— a 


= Se — 2 — 2 — fe — | 


195 
Chromitite, Transvaal, 637 
Chrysotile, 695 
Cinnabar deposits, placer, An under- 
ground (Lonsdale), 626 
Cirkel, F., on chromite deposits, 717 


Clarke, F. W., on silica in stream 
waters, 292 
on solvent action of water on min- 
erals, 50 


INDEX TO VOLUME XXIV. 


Classification, genetic, of Michigan 
copper deposits, 325 

Cleavelandite, 172 

Clements, J. M., on Agawa iron-bear- 
ing formation, 532 

Clinochlor, examination for germani- 
ium lines, 478 

Clintonite, examination for german- 
ium lines, 478 

Clowes, F., and Coleman, J. B., or- 
ganic matter analysis method, 
288 

Coal, analyses, 5 

Coal beds, Igneous metamorphism of 
(McFarlane), 1 

Cobalt mineral, analysis, 728 

Collins, J. tae on wood tin from Dur- 
ango, 353 

Collins, Ww. H., on banding of silica 
and iron, 517 

on origin of iron ores, 538 
Colloidal silica, 284 
precipitation of, 379 

Colony, R. J.. on the term deuteric, 
100, 336 

Color chart (review), 107 

Contact-metamorphic mineral deposit 


in Ontario, A diabase (Os- 
borne), 722 ; 
Contact metamorphism, Blue Hill, 


Maine, 187 
of coal beds, 1 
of limestone, 725 
Contact metamorphism of the Ells- 
worth schist near Blue Hill, 
Maine (Gillson and Williams), 
182 
Copper, Wisconsin, 261 


Copper deposits of Michigan (re- 
view), 669 
Copper mines, Blue Hill district, 182 


Copper production in Nevada, 122, 
143 

Copper Falls mine minerals, 312 

Copper-zinc deposit, northern Mani- 
toba, 457 

Coproglauconite, 850 

Coral reef problem (review), 337 

Cordierite, germaniferous, 477 

Cornwall, Pennsylvania, magnetite ore 
body, 403 

Covellite, associations with chalcocite, 


42 

Covellite-chalcocite relationships, Some 
(Bateman), 424 

Cross-faults and ore deposition, 41 

Cross section, Gruno mine, Wiscon- 
sin, 260 


Rosiclare fluorite vein, 255 








INDEX TO VOLUME XXIV. 


Crystallite, 503 

Crystals, development of, 593 

Currier, L. W., on fluorspar deposits 
of Kentucky, 254 

Curves showing average depth and 
arsenic ratio in Michigan cop- 
per mines, 158 


Dana’s Manual of mineralogy 
view), 873 

Dakota sandstone, 544 

Darwin district, California, 125 

Davis, W. M., review of book by, 337 

Davy, M. W., on Bolivian tin deposits, 


353 
Davy, W. M., and Farnham, C. W., 
on glaucodot, 728 
Dawson, J. W., on 
vegetation, 523 
Dean, on precipitation of silica, 283 
Denaeyer, M. E., on glaucophane, 724 
Density changes in coals, 5 
Deposition of ore, conditions of, 19 
Desch, C. H., on growth of metallic 
crystals, 508 
Determination of anisotropism in me- 
tallic minerals (Sampson), 412 
Deuteric, use of term, 100, 335, 860 
Deuterolytic changes, 870 
Dharwar shales, 196 
Diabase, 801 
Cornwall, Pennsylvania, 
Louisa area, Quebec, 741 
Diabase contact-metamorphic mineral 
deposit in Ontario (Osborne), 
722 
Diabase- amphibolite, petrography, 724 
Diamond, a descriptive treatise (re- 
view), 452 
Dienert, M. F., 
204 ‘ 
Diffusion in ore genesis, 330 
Diller, J. S., on anhedral forms of 
chromite, 603 
on chromite in the Klamath Moun- 
tains, 637, 702 
Diopside, 77 
Diopside-bearing pegmatite in 


(re- 


pre-Cambrian 


405 


on solution of silica, 


dolo- 


mite (Watson), 611 

Discussion and informal communica- 
tions— 

Compressibility and elasticity of 
artesian aquifers (Terzaghi), 
211 


Diffusion in ore genesis (Whitman), 


330 
The identity and genesis of lode- 
stone magnetite (Gruner), 771 
The magnesite deposits of Euboea, 
Greece, 654 


883 


re 


Discussion and informal communica- 
tions—C ontinued 
May chromite crystallize late? 
(Sampson); Is chromite al- 
ways a magmatic segregation 
product?, Singewald, 645 
A new natural intergrowth of bor- 
nite and chalcocite, (Schwartz), 


443 

On the use of the term deuteric 
(Gillson), 100; (Osborne), 
335; (Sederholm), 869 

Ore goes where it can (Harvey). 


554 

The origin of artesian 
Terzaghi), 94; 
542; (Thompson), 758 

A portable thin-section 
(Flagler), 213 


pressure 


(Russell), 


machine 


Structural control of ore deposi- 
tion (Koeberlin), 657; (Port- 
er), 866 

Upland diamond deposits, Diaman- 
tina district, Minas Geraes, 


Brazil (Guimaraes), 444 
Disseminated lead district, 234 
Dodgeville district, Wisconsin, 262 
Dole, R. B., mineral analysis method, 

287 
Dolomite, 618 

chemical analysis, 92 
Dresser, J. A., on Canadian chromite, 

693 
Duclaux, J., on precipitation of ferric 

oxide hydrosols, 367 
Dunite, North Carolina, 642 
Dutch Guiana gold-bearing zones, 808 
Editorials— 

Experiments in ore 

(Locke), 327 

The fifteenth International Geologi- 
cal Congress (Bateman), 753 
The importance to the geologist of 
nonmetallic. specifications 

(Ries), 

The origin of the Manchurian mag- 

nesite deposits (Kato), 90 

The recent activities of the Geo- 
logical Committee, U. R. S. S. 
(Mushketov), 860 

Some remarks on reviews and criti- 
cisms (Lindgren), 650 

Tilting at windmills or what is an 

ore? (Fermor), 206 
Einstein silver mine, Missouri, 5609, 

9 


geology 


582 
Elastic rebound theory of faults, 21 
El Callao gold mine, Venezuela, 797 











884 


Electrolytic precipitation, theory of, 
507 

Elements of geophysics (review), 103 

Elements of mineralogy (review), 


me 6 ee 
Ellis, E. E., on Wisconsin lead and 
zinc district, 256 
Ellsworth schist, 186; analysis, 193 
Ellsworth schist near Blue Hill, 
Maine, Contact metamorphism 
of the (Gillson and Williams), 
182 
Emerson, B. K., on age of granites 
in Masachusetts, 164 
Emmons, S. F., on solubility of me- 
tallic sulphides, 813 
Emmons, W. H., The origin of the 
deposits of sulphide ores of the 
Mississippi Valley, 221-271 
on Blue Hill, Maine, copper ores, 
182 
on inclusions in veins, 601 
on solution and precipitation of 
gold, 355 
review by, 669 
aie gu on the Orijarvi region, 
165 
Espanola formation, 723, 725 
Etching tests on manganese minerals, 


401 : , 
Euboea, Greece, magnesite deposits, 

‘er ‘ 
Evolution of igneous rocks (review), 


44 
Experiments in ore geology (editor- 
ial), 327 
on inclusions, 602 
on solution of iron and silica, 275 


Fairbanks, E. E., editor, review of 
book by, 216 

Fairchild, J. G., analysis by, 728 

Fault gouge, 20 

Faulting in mineralized regions, 19 

Faults, pre-mineral, 20 


Fay, H., on fluorspar deposits, 
Illinois-Kentucky, 255 | 
Fearing, J. on ore bodies of 


Jerome, 47 


Feeney feldspar quarry, Maryland, 
13 
Feldspar, 171 
production, Gilsum area, 181 
spectrograms with germanium lines, 


474 
Feldspar deposit, A unique, near De- 
a Junction, N. Y. (Shaub), 


Ferguson, H. G., the mining districts 
of Nevada, 115-148 


INDEX TO VOLUME XXIV. 


Fermor, L. L., editorial, Tilting at 
windmills or what is an ore?, 
206-210 

Ferric oxide and silica hydrosols, mu- 
tual precipitation, 511 

Ferric oxide hydrosols, precipitation 
by electrolytes, 365 

Ferric solutions, colors, 56 

Ferritungstite, 581 

Ferrous solutions, colors, 55 

Fisher, L. W., Origin of chromite de- 
posits, 691-721 

Flagler, C. W., communication, A 
portable thin-section machine, 


213 
Flat River district, Missouri, 234 
Fluorspar deposits, Illinois-Kentucky, 


254 

Ford, W. E., review of book by, 873 

Foreman, Fred, Hydrothermal experi- 
ments on solubility, hydrolysis 
and oxidation of iron and cop- 
per sulphides, 811-837 

Freeman, H., on formation of sul- 
phide deposits, 814 

French, J. W., on grading carborun- 
dum, 853 

French Guiana, gold fields, 808 

Freundlich, on precipitation of 
ferric oxide hydrosols, 366 

on the coagulating power of ions, 


509 
Frost feldspar quarry, Maryland, 613 
Frost pegmatite minerals, 614 
Function of natural gas in the pro- 
duction of oil (review), 780 
Further studies of the origin of the 
Wabana iron ores of New 
foundland (Hayes), 687 


Gabbro, 802 
Galena, 589 
Gannett, R. W., on scheelite, 581 
Garnet, 175 
Gautier, A., on action of water vapor 
on metallic sulphides, 812 
Geijer, Per, on iron carbonate de- 
posits of northern Africa, 526 
on Riddarhytte malmfalt, 185 
Genesis, Cornwall ore body, Pennsyl- 
vania, 410 
ore, Sherritt Gordon mine, 466 
(see also Origin) 
Geologic maps (see also maps)— 
Agawa formation, Kekequabic Lake 
area, 529 
Blue Hill area, Maine, 185 
Davis area, Howard County, Mary- 
land, 612 
Louisa graphite deposits, 733, 742 


INDEX TO VOLUME XXIV. 


Geologic sections, disseminated lead 
district of Missouri, 237 
main ore-bearing areas of Missis- 
sippi Valley, 268 
Geology, Blue Hill area, Maine, 185 
Cornwall area, Pennsylvania, 403 
Davis area, Howard County, Mary- 
land, 611 
Gilsum area, New Hampshire, 163 
Kekequabic Lake area, Minnesota, 
530 
Kississing Lake area, Manitoba, 457 
Louisa graphite deposits, 735 
pre-Cambrian, Venezuela, 798 
Geology of Arran (review), 338 
Geology of Chicama Valley in north- 
ern Peru and its anthracite de- 
posits (review), 557 
Geology of Peru (review), 664 
Geology of reservoir and dam sites 
(review), 561 
Geology of the Tate quadrangle (re- 
view), 217 
Geophysical methods of 
(review), 873 
Geophysical prospecting (review), 563 
Geophysics, elements of (review), 103 
Geophysics, Russian papers on, 104 
Germanium, new occurrences, 470 
occurrence in silicate minerals, 470 
Gill, A. C., on chromite, 641 
Gill, E. C., on transportation of iron, 


prospecting 


301 
Gill, J. E., on origin of Lake Superior 
iron ranges, 521 
Gillson, J. L., discussion by, 100 
on deuteric magnetite, 405 
Gillson, J. L., and Williams, R. M., 
Contact metamorphism of the 
Ellsworth schist near Blue Hill, 
Maine, 182-194 
Gilpin, E., Jr., on manganese ore, 505 


Gilsum area, New Hampshire, The 
pegmatite dikes of (Megath- 
lin), 1 


Glasser, M. E., on chromite in veins, 


33 

Glaucodot, 728 

Glauconite, 849 

Glauconization, 844 

Glenarm series, 611 

Glenn, W., on chromite in southern 
Appalachian region, 701 

Gneisses, banded, 458 

Gold deposits of California, 127 

of Nevada, 124, 136 

Gold deposits of the Guayana High- 
lands, Venezuela (Newhouse 
and Zuloaga), 797 


885 


Gold veins, Venezuela, 804 
Gonyer, F. A., analyses by 483-6, 643 
Gordon, S. G., on chromite deposits of 
State-Line serpentines, 718 
pS filled fissures, 20 
Granby zinc area, Missouri, 242 
Granite, 801; analysis, 571 
Blue Hill area, Maine, 186 
Granitic intrusives, ore deposits as- 
sociated with, 119 
Grant, U. S., on Wisconsin lead and 
zine district, 256 
Graph showing production of copper, 
lead, and zinc in Nevada, 142 
of gold and silver in Nevada, 141 
ar composition of mud grains, 


47 
Graphite, types of deposits, 735 
Graphite deposits of Louisa, Quebec 
(Bain), 733 
Graton, L. C., on inclusions in veins, 
602 
Graywackes, 738 
Greene, G. U., on solubility of tin 
minerals, 360 
Greisen and associated mineralization 
at Silver Mine, Missouri 
(Singewald and Milton), 569 
Greisenization, 584 
Grenville limestone, 736 
Grenville series, 736; New York, 69 
Groddeck, A. von, on chromite de- 
posits, 715 
Growth of magnetite 
(Schwartz), 592 
Gruner, J. W., discussion by, 771 
on action of carbonated water on 
iron and silica, 293 
on iron transported by the Amazon 
River, 274 
on solvent action of 
waters, 51 
on the origin of the Lake Superior 
iron ranges, 520 
Guardiola, R., review 


crystals 


carbonated 


of book by, 


672 

Guayana Highlands, Venezuela, Gold 
deposits of the (Newhouse and 
Zuloaga), 797 

Guimaraes, D., discussion by, 444 

Hall, A. L., and Humphrey, W. A., 

on chromite deposits, 715 

Hanson, George, on ore zones in Brit- 
ish Columbia, 123 

Harder, E. C., on iron-depositing 
bacteria, 52, 371 

on transportation of iron, 299 











886 


Harder, E. C., and Chamberlin, R. 
T., on geology of Minas Geraes, 


798 

Hardy, W. B., on precipitation of 
hydrosols, 365, 509 

Harrar, N. J., Solvent effects of cer- 
tain organic acids upon oxides 
of iron, 50-61 

Harrison, J. B., on geology of British 
Guiana, 798, 807 

Hart Township, Sudbury district, 

Ontario, rock formations of, 


722 
Harvey, R. D., discussion, 
where it can, 554 
Hausmannite, 485; analysis, 486 
occurrence, 495 
Haworth, H., on Apex mine, 582 
Hayes, A. O., Further studies of the 
origin of the Wabana iron ore 
of Newfoundland, 687-690 
Head in artesian pressure, 760 
Headden, W. P., on solvent action of 
cetyated waters, 51 
. R., on Miami district, 250 
experiments on covellite in 
428 
review of paper by, 


ore goes 


Heap, I 
Hating 
chalcocite, 
Heiland, C. A., 
784 
review of book by, 873 
Hematite, Wabana iron, origin, 690 


Heritsch, Franz, review of book by, 
sé 
Herold, .. review of book by, 451 


Herty, C. aa and Fitterer, G. R., on 
bhi point of fayalite, 508 
Hesemann, J., on reduction of ferric 
to ferrous salts, 731 
Hess, F. L., on occurrence of stolzite, 
581 
on origin of pegmatites, 177 
on texture of pegmatites, 169 
Hewett, D. F., on manganese deposits 
near Bromide, Okla., 497 
on Tertiary intrusions, 117 


Hill, B. F., on Terlingua quicksilver 
deposits, 626 
Hill, J. M., on the Aurora district, 


Nevada, 132 
on Reese River district, Nevada. 


144 
Hillebrand, W. F., and Schaller, W. 
T., on Terlingua mercury min- 
erals, 627 
Hitchen, C. S., on Unst chromite de- 
posits, 636 
Hogg, 
posits, 656 
sie gine on the term deuteric, 
33) 


.. on Euboean magnesite de- 


INDEX TO VOLUME XXIV. 


Holmes, H. N., 


on ferric oxide hy- 


drosol, 369 

Hornblende, examination for german- 
ium, 478 

Hornfels, Blue Hill area, Maine, 187 


Howard, W. V., reviews by, 564, 780 
Howe, E., on Grass Valley ores, 127 
on occurrence of ore shoots at vein 

intersections, 16 

Hulin, C. D., Structural 

ore deposition, 15-49 

Hume, G. S., review of book by, 337 

Humic acids, solvent action on min- 
erals, 

Hydrophobic sols, 509 

Hydrothermal experiments on_ solu- 
bility, hydrolysis and oxidation 
of iron and copper sulphides 
(Foreman), 811 


control of 


Identity and genesis of lodestone mag- 
netite (Newhouse), 62 

Igneous metamorphism of coal beds 
(McFarlane), 1 

Igneous rocks, 448 

Ilfeld, Harz, manganese minerals, 496 

Illinois, lead and zinc districts, 263 


Illinois-Kentucky fluorspar district, 
254 oly ‘ 
Ilmenau, Thuringia, manganese min- 


erals, 406 

Imataca series, 708 

Inclusions, “unsupported,” The sig- 
nificance of (Talmage), 601 

India, chromite production, 204 

Intergrowths of minerals formed by 
unmixing, 425 

Interior Lowlands segment, 224 

Intermineralization brecciation, 25 

International Geological Congress. 
fifteenth, 753 

Iowa, lead and zinc districts, 265 

Iron, precipitation, 365; by bacteria, 
371 

transportation in nature, 208 

Tron and, copper sulphides, Hydro- 
thermal experiments on solu- 
bility, hydrolysis and oxidation 
of (Foreman), 811 

Tron and silica, banding, 517 

Iron and silica, Solution, transporta- 
tion, and precipitation (Moore 
and Maynard), 272, 365, 506 

Iron ore deposits of the Union of 
South Africa (review), 776 

Iron ore minerals, mode of lerndtion, 


729 
Iron Mask Cobalt Silver Mines, On- 
tario, 722 


INDEX TO VOLUME XXIV. 


Irving, J. D., on inclusions in veins, 

601 
on ore shoots, 33 

Is chromite always a magmatic seg- 
regation product? (Ross), 641 

Iséno-Umi, muds, 842 

Isle Royale lode minerals, 313 

Itabira series, 798 


Jaboncillo, 627 
ne J., on 


ete WW. P., on Wisconsin lead and 
zine district, 256 


Bolivian tin ores, 


Jennings, Hennen, on the El! Callao 
mine, 806 
Johannsen, Albert, on the serpentines 


of Harford County, 

604 

A. I., and Knopf, E. B.,-on the 

Glenarm series, 611 

Jones, L. R., and Bryan, P. W., 
view of book by, 875 

Joplin region, Missouri, 240 


Maryland, 


Jonas, 


Kammererite, 695 
Kaieteurian series, 799 
Kasumiga-Ura, muds, 841 
Kato, Takeo, editorial, the origin of 
the Manchurian magnesite de- 
posits, 90-093 
Kearsage lode, 314 
Keep, F. E., on chromite deposits of 
Lomagundi district, 708 
Kemp, J. F., on pegmatites, 176 
on texture of pegmatites, 169 
Kennecott ores, 437 
Keyes, C. R., on Einstein silver mine, 
583 
Kimisu Buru, 202 
Kisseynew gneiss, age relations, 462 
KK. Kadans, 200 
Knopf, A., on Inyo 
posits, 125 
on smithsonite, 681 
on wood tin in Nevada, 353 
Koeberlin, F. R., discussion by, 657 
on supergene tin enrichment in Bo- 
livian ores, 345 
Kojima Bay, muds, 842 
Kotschubeite, 695 
Kozlowski, R., on Bolivian tin ores, 


County ore de- 


349 
Kraubat chromite deposits, 636 
Kyanite, spectrograms with german- 
ium lines, 476 


Laboratory investigation of ores (re- 
view), 216 


887 


Laboratory method for grading abra- 
sives (Vanderwilt), 853 

Ladoo, R. B., on feldspar, 181 

Lancaster- Jones, E., review of paper 
by, 674 

Landes, K. K., 

tites, 177 

A. C., on arsenic in 

copper lodes, 155 

on lodestone, 65 
La Neve, F., on the Caratal gold field, 


on origin of pegma- 


Lane, Michigan 


806 
Langban, Sweden, manganese min- 
erals, 495 


Larsen, E. S., on bementite, 
review by, 448 
Launay, L. de, on chromite deposits, 
715 
Laurentian 


489 


intrusives, 


Louisa area, 
Quebec, 739 
Lawson, A. C., on ore deposition in 


near intrusive rocks by 
teoric waters, 334 
Lead district of central Missouri, 239 
Lead production in Nevada, 143 
Leg reefs and ore deposition, 46 
Leith, C. K., on the origin of the 
Lake Superior iron range S, 520 
C. K., and Harder, E. 
formation of iron ore minerals, 
ae 


2 


me- 


Leith, 





Leucite, spectrograms with 
ium lines, 472 

Leuhner, V., and Merrill, H. B.. on 
solution of silica, 293 

Levigating abrasives, 853 

Liddle, R. A., on geology of 
zuela, 800 

Limestone, contact metamorphism, 725 

metamorphosed, Cornwall, Pennsyl- 

vania, 404 

Limonite, Cellular structure in 
well and Blanchard), 791 

Limonite boxwork, rigidity, 793 

Limonite patterns, survival, 795 

Limonite solutions, colors, 56 

Lincoln, F. C., on mining districts of 
Nevada, 116 

Lindgren, W., editorial, Some remarks 
on reviews and criticisms, 650- 


53 

on Blue Hill, Maine, 
tion, 182, 184 

on igneous rocks of Cordilleras, 118 

on Nevada ores, 125 

on ore shoots, 15 

on origin of pegmatites, 178 

reviews by, 776, 782 

Location of ore shoots, 37 


german- 


Vene- 


(Bos- 


mineraliza- 








888 


Locke, Augustus, editorial, Experi- 
ments in ore geology, 327 
on boxwork siderite at Bisbee, 677 
on mineralization stoping, 47 
Lodestone, natural, occurrence, 64 
Lodestone magnetite, The identity and 
genesis of (Newhouse), 62; 
discussion, 771 
Lonsdale, J. T., An underground 
placer cinnabar deposit, 626-631 
Lottermoser, v. A., on precipitation 
of colloids, 512 
Loughlin, G. F., on oxidized zinc ores 
at Leadville, 681 
on smithsonite ores, 682 
Louisa, Pook: The graphite deposits 
of (Bain), 733 
Louisa area, Quebec, structural ge- 
ology, 741 
Lovering, T. S., experiments on col- 
loidal silica, 380 
on precipitation of silica, 283 
on ‘solution of silica, 294 
Lundberg, H., on lodestone, 66 
Lydenburg chromite, 638 


McFarlane, G. C., Igneous metamor- 
phism of coal beds, 1-14 
Macgregor, A. M., review of book by, 


453 

McLaughlin, D. H., review by, 664 

Magnesite deposits, Euboea, Greece, 
654 

Manchuria, origin, 90 

Magnesium sulphate precipitation of 
sodium silicate, 385 

Magnetite, 408 

Magnetite, lodestone, The identity 
and genesis of (Newhouse), 62 

Magnetite crystals, the growth of 
(Schwartz), 592 

Magnetite orebody at Cornwail, Penn- 
sylvania, A study of the (Calla- 
han and Newhouse), 403 

Mahadevan, C., The chromite-bearing 
ultrabasic deposits of Singh- 
bhum, 195-205 

Malayan mining, sketch of (review), 
216 

Manchurian magnesite deposits, ori- 
gin, 90 

Mandudy magnesite deposit, 655 

Manganese, mode of concentration, 


502 
Manganese minerals, etching tests and 
X-ray examination, 481 
Manganite, 482; analysis, 483 
Manitoba northern, copper-zinc de- 
posit, 457 





INDEX TO VOLUME XXIP. 





Maps (see also Geologic maps)— 
Arkansas showing Ozark metal- 
liferous area, 229 
Aurora district, Missouri, 241 
copper-bearing lodes, Keweenaw 
Point, Michigan, 150 
deformations, etc., of Mississippi 
Valley, 226 
disseminated lead district of Mis- 
souri, 236 
distribution of principal ore deposits 
of Nevada associated with Ter- 
tiary lavas, 135 
El Callao area, Venezuela, 805 
feldspar deposits, DeKalb Junction, 
, 70 
Interior Lowlands segment, 224 
Joplin region, Missouri, 246 
Main coast, 183 
Nevada ore deposits, 120 
Ozark region mineral zones, 232 
samples of Japanese muds, 840 
Venezuela-Guiana gold belt, 807 
Wisconsin-IIlinois- ee lead and 
zine district, 25 
Marcasite, 409 
Marcasite in the contact metamorphic 
ore deposits of the Twin Buttes 
district, Pima County, Arizona 
(Webber), 304 
Matsubara, A., on chemical equilib- 
rium between iron, carbon, and 
oxygen, 731 


May chromite crystallize late? (Samp- 


son), 632 

Maynard, J. E., with Moore, E. S., 
Solution, transportation, and 
ha sg of iron and silica, 
272-303, 365-402, 506-527 

Megathlin, e ’R., The pegmatite dikes 
of the Gilsum area, New Hamp- 
shire, 163-181 

Metamorphism, Igneous, of coal beds 
(McFarlane), 1 

Metamorphosed limestone, Cornwall, 
Pennsylvania, 404 

Metasomatism, 331 

Meunier, S., on chromite deposits, 715 

Miami district, Oklahoma, 250 

Mica, production, Gilsum area, 181 

spectrograms with germanium lines, 


473 

Michigan copper deposits, Zoning in, 
and its significance (Broderick), 
149, 311 

Microcline, 186 

Microscope for study of polished sec- 
tions, 419 

Miers, H. A., on crystallization, 598 


bot 


bot bo 


a ww & 


INDEX TO VOLUME XXIV. 


Milch, L., on diabase contact rocks, 


729 
Miller, B. L., and Singewald, J. T., 
Jr., on Minas Geraes veins, 806 
Miller, H. C., review of book by, 780 
Milton, Charles, with Singewald, J. 
T., Jr.. Greisen and associated 
mineralisation at Silver Mine, 
Missouri, 569-591 
Mineral pipes and ore deposition, 47 
Mineralizers in ore deposition, role 


ot, 049 
Mineralogy, Bolivian tin veins, 352 
manganese ores of maritime prov- 
inces, 408 
Sherritt Gordon ore, 464 
Minerals of pegmatites, Gilsum area, 


171 
Mining districts of Nevada (Fergu- 
son), 115 
H. D., on Batesville district, 
Arkansas, 253 
Mississippi Valley, The origin of the 
deposits of the sulphide ores of 
the (Emmons), 221 


Miser, 


Mississippi Valley ores, zonal ar- 
rangements, 230 
Moody feldspar quarry, Maryland, 


13 

Moore, E. S., and Maynard, J. E., 
Solution, transportation, and 
precipitation of iron and, silica, 
272-303, 365-402, 506-527 

Morris, T. O., and Fearnsides, W. G., 
on structures in pre-Cambrian 
tuffs, 5 

Mother Lode of California, 30; se- 
quence of mineralization, 31 

Mud grains, physical features, 843 

Miigge, O., on glaucophane, 724 

Muller, R. on solvent action of car- 
bonated waters, 51 

Munoz, J. M., on gold of Venezuela, 


804 
Muscovite, 174, 181 
Mushketov, D., editorial, The recent 


activities of the Geological 
Committee, U. R. S. S., 860- 
865 

Mysore chromite deposits, 195 


Naething, F. S., on 
250 j 

Nappe theory in the Alps (review), 
872 


Miami district, 


/ 
Native copper deposits, Michigan, 149 
Natural intergrowth of bornite and 
chalcocite, 443 


889 


7 — solutions, significance, 
Neddle a 353 
Nevada, geologic features, 117 
mining districts, 116 
ore deposition, epochs, 119 
ore deposits, map, 120 
ore deposits in Tertiary lavas, 131 
Nevada, The mining districts of (Fer- 
guson), II5 
Nevada and California, 
ore deposits, 126 
New occurrences of germanium, II; 
the occurrence of germanium 
in silicate minerals (Papish), 


contrast in 


New oe chromite 


632 

Wallen AW. H., The identity and 
genesis of lodestone magnetite, 
62-67 

Newhouse, W. H., and Zuloaga, Guil- 
lermo, Gold deposits of the 
Guayana Highlands, Venezuela, 
797-810 

Newhouse, W. H., with Callahan, W. 
H., A study of the magnetite 
ore body at Cornwall, Penn- 
sylvania, 403-411 

Newland, D. H., on DeKalb feldspar 
deposit, 68 

Niggli, P., review of book by, 780 

Niinomy, K., on the origin of Man- 
churian magnesite deposits, 90 

Nishihara, H., on the origin of Man- 
churian magnesite deposits, 9a 

Nishihara, G. S., on the rate of re- 
duction of acidity by descend- 
ing waters, 683 

Nishikawa, S., on crystals of spinel 
group, 599 

Nissen, A. E., and Hoyt, S. 
silver in galena, 590 

Nolan, T. B., on Tertiary intrusions, 


deposits, 


ey 


117 

North Carolina, chromite deposits, 
700 

Norway, chromiferous rocks, 698 

Notes on etching tests and X-ray ex- 
amination of some manganese 
minerals (Smitheringale), 481 


Oil, its conservation and waste (re- 
view), 564 

Oil and gas in western Canada (re- 
view), 337 

Ore deposition, locus of, 554 











890 


Ore deposition, Structural control of 


(Hulin), 15; discussion, 657, 
866 

Ore shoots, formation, 18; mechan- 
ics of, 35 


location, 38 
occurrence at vein intersections, 16 
Ores, laboratory investigation (re- 
view), 216 
Oregon, chromiferous rocks, 704 
Origin (see also Genesis )— 
Agawa formation, 538 
artesian pressure, 94, 542, 758 
banded iron formations of 
Superior region, 520 
Blue Hill, Maine, ores, 193 
cellular shapes in limonite, 791 
chromite, 711 
feldspar deposit. DeKalb, N. Y., 85 
graphite deposits, 735 
iron bands of Agawa 
536 
Manchurian magnesite deposits, 90 
manganese ores of maritime prov- 
inces, 501 
pegmatites, 176 
placer cinnabar deposit, 631 
pre-Cambrian iron deposits, 524 
Origin of chromite deposits (Fisher), 
691 
Origin of the deposits of sulphide ores 
of the Mississippi Valley (Em- 
mons), 221 
Origin of the Wabana iron ores of 
Newfoundland, Further studies 
of (Hayes), 687 
Osborne, F. F., A diabase 
metamorphic mineral 
in Ontario, 722-732 
discussion by, 335 
on specularite in 
rocks, 728 
on technique for investigating ores, 


Lake 


formation, 


contact- 


deposit 


non-carbonate 


432 

Osceola lode minerals, 312 

Ouchita Mountain system, 224 

Owen, D. D., on Wisconsin lead and 
zinc district, 256 

Oxidation, El Callao district, 
zuels A, 806 

Oxides of iron, Solvent effects of cer- 
tain organic acids upon (Har- 
rar), 50 

Oxygen dissolved in 
action, 50 

Ozark mine, Missouri, 572 

Ozark region mineral zones, 231 


Vene- 
solvent 


water, 


Palacio, M. E., on gold of Venezuela, 
804 


INDEX TO VOLUME XXIV. 


Jacob, New occurrences of 
germanium, II; the occurrence 
of germanium in silicate min- 
crals, 470-480 
Paquet, N., on gold in Venezuela, 797 
Paragenesis, Bolivian tin ores, 359 
feldspar deposit, DeKalb, N. Y., 85 
feldspar minerals, Maryland, 620 
Cornwall, Pennsylvania, 409 
dolomite, altered, Maryland, 620 
Einstein silver mine, 588, 501 
Pardee, J. T., on manganese in Wash- 
ington, 498 

Pastora series , 798, 800 

Peculiar mud- grains and their rela- 
tion to the origin of glauconite 
(Takahashi and Yagi), 838 

Pegmatite, diopside-bearing, in dolo- 
mite (Watson), 611 

Pegmatite dikes of the Gilsum area, 
New Hampshire (Megathlin), 
163 

Pegmatites, Gilsum area, New Hamp- 
shire, 165 

Louisa area, Quebec, 740 
Penninite, 6905 
Pennsylvania, chromiferous rocks, 701 
Penobscot quadrangle, 183 


Papish, 


Percival, J. B., on ott in Dutch 
Guiana, 808 
Percival, J. D., on Wisconsin lead 


and zine district, 256 
Peru, geology, 664 
Petrogenesis, 782 
Petrographic microscope, 419 
Petrography, diabase-amphibolite, 724 
Ellsworth schist, 186 
Kekequabic area, 533 
Petrology, banded gneisses, 459 
Singhbhum district, 198 
Phanton veinlets, 26 
Philip, J.. on mud grains, 848 
Phillips, F. C., on chromite of the 
Shetland Islands, 6094 
Phillips, W. B., on Terlingua quick- 
silver deposits, 626 
Phlogopite, 77 
Photomicrographs— 
albite, Gilsum area, 173 
chromite, 699, 707, 712; interstitial 
to brenzite, 638-9; vein-like, 635 
covellite inclosed in chalcocite, 427, 


420 
feldspar minerals, 616-7 
gangue minerals of Einstein silver 
mine ore, 588 
gneiss, Sherritt Gordon mine, 461 
graphite-bearing pegmatite, 751 
greisen, 573-5 
Grenville limestone, 74 





INDEX 


Photomicrographs—Continued 
intermineralization brecciation, 29 
magnetite in fayalite, 595 
magnetite crystals, 597 
marcasite-bearing ore, Twin Buttes, 

Arizona, 304-5 
mud grains, 844-5 
ore, Sherritt Gordon mine, 465 
pyrite replacing albite, 82 
biotite, cordierite, and quartz, 190 
pyrrhotite replacing biotite, quartz, 
and cordierite, 191 
quartz replacing albite, 88 
schist wall rock, Gilsum pegmatites, 
170 
wolframite in topaz rock, 578, 580 
Picton, H., and Linder, S. E., on pre- 
cipitation of ferric oxide hydro- 
sols, 
Placer ae deposit, An 
ground (Lonsdale), 626 

Plant life in the pre-Cambrian, 522 

Platt, J. I., review of work by, 564 

Polarized light, 413 

Pollucite, spectrograms with german- 

ium lines, 472 

Portable thin-section machine, 213 

Porter, C. A., discussion by, 866 

Posnyak, E., on rate of oxidation of 

ferrous iron, 683 

Powder photograph films 

ganese minerals, 492 

Power, F. D., on chromite in New 

Caledonia, 710 
J. H., and Lewis, J. V., on 

dunite lamination, 644 

Precipitation of colloidal silica, 379 
of iron, 277, 365 
of silica, 279, 283 
of silica hydrosols, 391 

Pre-mineral faults, 20 

Pressel, K., review of book by, 217 

Problem of supergene cassiterite in 

Bolivian tin veins (Singewald), 


under- 


of man- 


Pratt, 


343 ’ 
Production of Nevada 
tricts, 134, 141 y 
of oil, gas, and water from wells, 


mining dis- 


451 
Psilomelane, 489 
Purington, C. W., 

veins, 40 
Pyrite, 408 

preparation and experiments on, 815 
Pyrolusite, 484; analysis, 484 
Pyroxene, spectrograms with german- 

ium lines, 477 
Pyrrhotite, preparation 

ments on, 815 

reaction with water, 828 


on variations in 


and experi- 


TO VOLUME XXIV. 


891 


Quartz, contorted, 72 
spectrograms with germanium lines, 
See : ; 
Quicksilver deposits, Terlingua, Texas, 
626 


Ramdohr, P., on intergrowths of mag- 
netite and ilmenite, 425 
Ramla-Kitta Buru, 202 
Rand silver mine, sequence of min- 
eralization, 32 
Ransome, F. L., on criteria of down- 
ward sulphide enrichment, 344 
on Goldfield ores, 139 
Raymond, R. W., on types of ore de- 
posits in Nevada, 125 
Redfield, A. H., petroleum resources 
of foreign countries, 875 
Regnault, on experiments on iron and 
copper sulphides, 811 
Reid, H. F., on elastic rebound theory 
of earthquakes, 21 
Remanence, 62 
Replacement origin of dikes, 178 
Reservoir and dam sites, geology , 561 
Reviews— 
Analytical principles of the produc- 
tion of oil, gas, and water from 
wells (Herold), 451 
Assimilation and petrogenesis; sep- 
aration of ores from magmas 
(Stansfield), Lindgren, 782 
Ball clays (Scott), Bayley, 784 
Bulletin of the Institute of Prac- 
tical Geophysics, Supreme 
ra of Public Economy, 
U.S. S. R., Barton, 104 
A cartographic correction for the 
E6tvés torsion balance (Heil- 
and), Barton, 784 
Color chart, National 
Council, Division of 
and Geography, 107 
Computation of E6étvés gravity ef- 
fects, 674 
Copper deposits of Michigan (But- 
ler and Burbank), Emmons, 669 


Research 
Geology 


The coral reef problem (Davis), 
Bateman, 337 

Dana’s Manual of mineralogy 
(Ford), Bayley, 873 

Diamond; a _ descriptive treatise 
(Sutton), Bayley, 452 

Elements of mineralogy (Rutley), 


Bayley, 874 

Elements of geophysics as applied 
to explorations for minerals, 
oil and gas (Ambronn), Bar- 
ton, 103 








892 INDEX TO VOLUME XXIV. 


Reviews—Continued 
Estudio metalogénico de la Sierra 
de Cartagena (Guardiola), Ro- 
schen, 672 
The evolution of the igneous rocks 
(Bowen), Larsen, 448 
Experimentelle Methode der Vor- 
ausbestimmung der _ Gesteins- 
temperature im Innern eines 
Gebirgmassiv (Pressel), Bay- 
ley, 217 
Function of natural gas in the pro- 
duction of oil (Miller), How- 
ard, 780 
Geologie des Chicmatales in Nord- 
peru und seiner Anthracitlager- 
statten (Stappenbeck), Singe- 
wald, 557 
Geologie von Peru (Steinmann), 
McLaughlin, 644 
The geology of Arran (Tyrrell), 
Bateman, 338 
Geology of reservoir and dam sites, 
with a report on the Owyhee 
irrigation project, Oregon 
Bryan), Talmage, 561 
Geology of the country around 
Lonely mine, Bubi district, 
Southern Rhodesia (Macgre- 
gor), 453 
Geology of the Tate quadrangle 
(Bayley), Bateman, 217 
Geophysical methods of prospect- 
ing (Heiland), Barton, 873 
Geophysical prospecting, Bayley, 
563 


Gravity surveying in Great Britain 
(Shaw), Barton, 674 

Illinois coal; a nontechnical account 
of its occurrence, production, 
and preparation (Bement), Tal- 
mage, 338 

The iron ore deposits of the Union 
of South Africa (Wagner), 
Lindgren, 776 

Laboratory investigation of ores— 
a symposium (Fairbanks, ed.), 
Bateman, 216 

The last glaciation (Antevs), Silk, 


453 

The nappe theory in the Alps 
(Heritsch), Shepard, 872 

North America; historical, eco- 
nomic, and regional geography 
(Jones and Bryan), 

Oil, its conservation and waste 
(Westcott), Howard, 564 

Ore deposits of magmatic origin. 
their genesis and natural classi- 
fication (Niggli), Bayley, 780 


Reviews—Continued 
Report of Committee on Sedimen- 
tation, National Research Coun- 
cil (Twenhofel), 674 
Report of the Federal Oil Conser- 
vation Board to the President 
of the United States, Bateman, 
74 
A series of elementary exercises 
upon geological maps (Platt), 
Bayley, 564 
A sketch of Malayan mining 
(Scrivenor), Bayley, 216 
Structure of typical American oil 
fields; a symposium on the re- 
lation of oil accumulation to 
structure, Bayley, 339 
This puzzling planet (Brewster), 
Brown, 104 
Underground practice in mining 
(Beringer), Bayley, 107 
Reviews and criticisms, 650 
Rheostat, water, 857 
Rhyolite porphyry, 802 
Rickard, T. A., on the Indicator vein, 


43 

Ries, H., editorial, The importance to 
the geologist of nonmetallic 
specifications, 440-442 

Rogers, W. B., and R. E., on solvent 
action of carbonated waters, 51 

Roraima series, 799 

Roro-Chitung Buru peridotite, 199 

Roro Kadans, 201 

Roschen, E. C. H., review by, 672 

Ross, C. S., Is chromite always a 
—— segregation product?, 


641-645 $ 

Ross, C. S., and Henderson, E. P., on 
scheelite, 581 

Rove, Olaf N., with Trischka, Carl, 
and Barringer, D. M., Jr., Box- 
work siderite, 677-686 

Russell, W. L., discussion, the origin 
of artesian pressure, 542 

Russia, Geological Committee, recent 
activities, 860 

mineral deposits, 861 

Rutley, F., review of book by, 874 

Ryba, F., on Kraubat chromite de- 
posits, 636 


Saddle reefs and ore deposition, 46 
Sagui, C. L., discussion by, 654 
Sahlbom, Naima, analyses by, 193 
Salem, India, chromite deposits, 195 
Sampson, Edward, May chromite 
crystallize late?, 632-641 
The determination of anisotropism 
in metallic minerals, 412-423 





thn ae 16 a. es 


Mhn Ww 


mh 


Th 


TRATATNA Tnmwn 


Th 


INDEX TO VOLUME XXIV. 


Sandstone beds of Dakota 
area, 543 

San Jose, California, manganese, 497 

Santa Fé district, Nevada, 124 

Sapropelites, 838 

Saubolle, ——— in Singhbhum dis- 


artesian 


trict, 19 
Schaller, W. ®, on ferritungstite, 581 
on mineral replacements in pegma- 
tites, 179 
on origin of pegmatites, 178 
Schmitt, Harrison, on detailed map- 
ping, 328 


Schofield S. J., on Salmon River ores, 


23 

Sebiwler F. C., on Rawhide district, 
Nevada, 132 

Schreiner, O., and Shorey, E. C., on 
organic acids in soils, 52 

Schulze, H., on the precipitating power 
of the ion, 509 

Schwartz, G. M., The growth of mag- 


netite cry stals, 592-000 
discussion by, 443 : 
on <<a chalcocite intergrowths, 


Scientific notes and news, 112, 210, 
341, 455, 567, 676, 788, 877 

Scott, Alex, review of book by. 784 

Scrivenor, J. B., review of book by, 


I 

Sections (see also Cross sections)— 
Batesville district, Arkansas, 253 
Cornwall, Pennsylvania, ore body, 


40' 
Cornwall area, Pennsylvania, 404 
—_ metamorphism of coal beds, 


se district, Missouri, 244, 249 
Mandudy magnesite deposit, 655 
northern Arkansas, 252 

workings of Little 38 mine 
Xeropotamo magnesite deposit, 655 
zones in Michigan copper deposits, 


323 
Sederholm, J. J., discussion by, 869 
on the term deuteric, 100, 335 
Selukwe chromite deposits, 633 
Sen, K. C., Canguly, P. B., and Dhar, 
gs B., on precipitation of ferric 
oxide hydrosols, 367 
Serpent formation, 723 
Setouchi, muds, 842 
Shannon, E. V., on feldspar of dia- 
base, 724 
on silver in Coeur d’Alene district, 


355 
Shaub, B. M., A unique feldspar de- 
posit near DeKalb Junction, 
N. Y., 68-89 


893 


Shaw, H., review of paper by, 674 
Shearing and ore deposition, 44 
Shepard, F. P., review by, 872 
Sherritt. Gordon copper-zinc deposit, 
northern Manitoba (Bruce), 
457 
Short, M. N., on grading abrasives, 
53 
Siderite, analysis, 679 
boxwork, Bisbee, Arizona, 677 
Siebenthal, C. E., on Joplin zinc and 
lead deposits, 243 
Significance of “unsupported” 
sions (Talmage), 601 
Silica, colloidal, precipitation, 379 
in limonite boxwork, 794 
precipitation, 279, 506 
quantity in natural waters, 292 
transportation, 302 
Silica and iron, banding, 517 
Silica hydrosols, precipitation, 391 
Silk, E. S., review by, 453 
Sillimanite, spectrograms 
manium lines, 476 
Silver deposits, Nevada, 136 
Silver Mine, Missouri, Greisen and 
associated mineralization § at 
(Singewald and Milton), 569 
Silver production in Nevada, 142 
Simard, L. R., review by, 337 
Simpson, E. S., on iron content of 
streams, 287 
Singewald, J. T., Jr., The problem of 
supergene cassiterite in Bolivian 
tin veins, 343-304 
discussion by, 645 
on Frost feldspar quarry, 613 
on magmatic segregation and ore 
genesis, 718 
review by, 557 
Singewald, J. T., Jr., and Milton, 
harles, Greisen and associated 
mineralisation at Silver Mine, 
Missouri, 569-591 
Singhbhum chromite deposits, 195 
Smitheringale, W. V., Notes on etch- 
ing tests and X-ray examina- 
tion of some manganese min- 
erals, 481-505 
on pseudomorphs of magnetite after 
specularite, 730 
Society of Economic Geologists, 109 
Sodium silicate, a by mag- 
nesium sulphate, 385 
Solid oe natural, significance, 


inclu- 


with ger- 


Solubility, hydrolysis and oxidation of 


iron and copper sulphides, Hy- 
drothermal experiments on 
(Foreman), 811 








894 INDEX TO VOLUME XXIV. 


Solution, transportation, and precipi- 
tation of iron and silica (Moore 
and Maynard), 272, 365, 506 
Solution of iron and silica, 293 
Solvent effects of certain organic 
acids upon oxides of iron (Har- 
rar), 50 
Some covellite-chalcocite relationships 
(Bateman), 424 
Sosman, R. B., and Posnjak, E., on 
ferromagnetic ferric oxide, 62 
South Dakota, artesian wells, 769 
Southern Rhodesia, chromiferous 
rocks, 706 
Specific gravity of coals at high tem- 
peratures, 6 
Specularite, 727 
Spencer, A. C., on geology of Corn- 
wall area, Pennsylvania, 403 
on the Ely district, Nevada, 129 
Spodumene, 175 
Spurr, J. E., on fluorspar deposits, 
Illinois-Kentucky, 255 
on inclusions in veins, 601, 609 
on lead ores of Ozark region, 234 
on mineralization, 34 
on ore deposition and faulting, 21 
on the Tonopah district, Nevada, 
132 
on western Nevada ores, 125 
on Wisconsin lead and zinc district, 
256 
Stabilization of silica and ferric oxide 
hydrosols, 514 
Stansfield, John, review of book by, 
782 
— R., review of paper by, 


Stark, xf T.. Agawa iron formation 
of northeastern Minnesota, 528- 
541 


Steinmann, G., review of book by, 664 

Stichite, 606 

Stillwell, F. L., on gold deposition, 47 

Stolzite, 581 

Structural control of ore deposition 
(Hulin), 15; discussion, 657, 
866 

a a Louisa area, Que- 


Study the magnetite orebody at 
Cornwall, Pennsylvania (Calla- 
han and Newhouse), 403 

Sulphide ores of the Mississippi Val- 
ley, The origin of the deposits 
of (Emmons), 221 

Sunnyside mine, sequence of mineral- 
ization, 32 

Super-anthracite, 9 


Supergene cassiterite in Bolivian tin 
veins, The problem of (Singe- 
wald), 343 

Sutton, J. R, review of book by, 452 


Taber, S., on mechanics of vein 
formation, 23 
Tables— 
analyses of mud grains, 846 
of olivine and associated minerals 
of the dunite, Webster, North 
Carolina, 643 
of water from Calumet district, 
Quebec, 289; from Lac-a-la- 
Tortue district, Quebec, 288; 
from Niblock district, Quebec, 
290 
artesian wells in South Dakota, 769 
chromite production, India, 204 
classification of Nevada mining dis- 
tricts containing ore deposits in 
Tertiary lavas, 134 
experiments on dialyzed sodium 
silicate solutions, 392 
on pyrite, 824-6 
on pyrrhotite, 823 
on sodium silicate solutions, 383 
on sulphides, 822 
on the precipitation of colloidal 
silica solutions by calcium bi- 
carbonate and magnesium bi- 
carbonate, 399 
on the precipitation of silica from 
dialyzed solutions of colloidal 
silica, 395 
with chalcocite, 827-8 
germanium lines in spectrograms, 
71-479 
hausmannite, analyses, 486 
iron solutions, 55 
manganese minerals, measurement 
of powder photograph films, 
492 
mineralogical character of Wabana 
iron ore, 689 
Nevada mining districts, produc- 
tion, 121 
paragenetic sequence of Einstein 
silver mine minerals, 591 
precipitation of sodium silicate solu- 
tions by magnesium sulphate, 
389 
of ferric oxide and silica hydro- 
sols on mixing, 513 
of silica, 508 
rock formations, Hart Township, 
Sudbury district, Ontario, 722 
solution of silica and iron from 
norite and diabase, 297 


—) 


a oa a ee er Pes 


S44) 


= 


INDEX TO VOLUME XXIV. 


Takahashi, Jun-ichi, and Yagi, Tsugio, 
Peculiar mud-grains and their 
relation to the origin of glau- 
conite, 838-852 

Talc, examination for germanium, 478 

Talmage, S. B., The significance of 


i unsupported ” inclusions, 601- 
610 
reviews by, 338, 561 
Tarr, W. A., on barite district of 


Missouri, 238 
on experiments on 
ee 
on precipitation of silica, 283 
on silica carried to the sea, 27. 
in stream waters, 292 
Taylor, W. W., on colloidal silica, 507 
Temperature of solid solution of 
covellite in chalcocite, 431 
Terlingua quicksilver deposits, 626 
Tertiary lavas, ore deposits in, 131 
Terzaghi, Ch., discussion by, 94, 211 
Texture of pegmatites, 167 
Thiel, G. A., on manganese minerals, 
481 
Thiele, E. O., on chromite of Dolo- 
drook area, 709 
Thin-section machine, portable, 213 
Thomas, A. W., and Johnson, L., on 
precipitation of colloids, 512 
Thompson, D.B.G., on genesis of Blue 
Hill ores, 184 
Thompson, D. G., discussion by, 758 


colloidal silica, 


Tin in “shoots of occurrence,” 36 
Titanite, 77 
Tolman, C. F., and Clark, J. D., on 


experiments with sulphides, 813 
Tolman, C. F., and Rogers, A. F., on 
magmatic sulphide ores, 717 
Topaz, spectrograms with germanium 
lines, 471 
Torsion structures and ore deposition, 
44 
Tourmaline, 174 
spectrograms with germanium lines, 
475 
Transportation of iron, 208 
of iron and silica, 277 
of silica, 302 
Transvaal, chromite deposits, 704 
Tremolite, 76 
Trischka, Carl, Rove, O. N., and Bar- 
ringer, D. M., Jr., Boxwork 
siderite, 677-686 
Trough reefs and ore deposition, 46 
Tungsten in “shoots of occurrence,” 
36 
Tungsten ore, Missouri, 577 


895 


Turner, H. W., on Terlingua quick- 
silver deposits, 626 
on the Tierra cinnabar lode, 630 
Tutton, A. W. H., on crystallization, 


508 
Twenhofel, W. H., on 
granite, 228 
review of book by, 674 
Twin Buttes deposit, Arizona, 304 
Typomorphic minerals, 35 
Tyrrell, G. W., review of 
338 


Rose dome 


book by, 


Udden, J. A., on Terlingua quicksilver 
deposits, 626 

Uglow, W. L., and Osborne, F. F., 
on cobalt minerals, 727 

on lodestone, 64 

Underground placer cinnabar deposit 
(Lonsdale), 626 

Unique feldspar deposit near DeKalb 
Junction, N. Y. (Shaub), 68 

ae of covellite and chalcocite, 


wap ff stitcted inclusions, The sig- 
nificance of (Talmage), 601 
Unst chromite deposits, 636 
Upper Mississippi Valley zinc and lead 
district, 256 


Valves, experiments with, 835 
Vanderwilt, J. W., A laboratory 
method for grading abrasives, 
853-8590 
Van Hise, oi R., and Leith, C. K., on 
banding of silica and iron, 517 
on origin of iron ores, 538 
Van Winkle, W., on silica in stream 
waters, 292 
Vaughan, T. W., on mud grains, 848 
Vein formation, by accretion, 23 
mechanics of, 22 
Vein intersections and ore deposition, 


43 
Venezuela, gold deposits, 797 
Venezuela-Guiana gold belt, 807 
Vincent, M. V., on transportation of 
manganese, 504 
Vogt, J. H. L., on synneusis structure, 
692 
on the origin of chromite, 715 
Volatiles emitted by anthracites, 7, 8 
Vulcanism in Mississippi Valley, 227 


Wabana iron ores of Newfoundland, 
Further studies of the origin of 
(Hayes), 687 

Wad, 490 

Wadge coal, analysis, 5 











896 


Wagner, P. A., on Bushveld chromite, 
37 
on the Grootboom chromite deposits, 


705 

__ review of book by, 776 

Walker, R. T., on deposition of ore 
in pre- exiting limestone caves, 


30 

Wall rock control of ore shoots, 17 

Wandke, A., on Pe Reet in- 
tergrowth, 

Warfield-Rough on Uplift, 225 

Washington, chromiferous rocks, 704 

Water, analyses, 288-290 

solvent action on minerals, 50 

Water rheostat, 857 

Watson, E. H., A_ diopside-bearing 
pegmatite in dolomite, 611-625 

Weathering, northern Manitoba, 468 

Webb City belt, Missouri, 247 

Webber, B. N., Marcasite in the con- 
tact metamorphic ore deposits 
of the Twin Buttes district, 
Pima County, Arizona, 304- 


310 
Websterite, 642 
Weigel, O., on certain Siberian ore 
deposits, 732 
on solubility of metallic sulphides, 


814 

Weiser, it. B., and Middleton, E. B., 
on precipitation of ferric oxide 
hydrosols, 367 

Weiss, F., on action of peat solutions 
on clay, 205 

Weller, S., on geology of Ste. Gene- 
vieve County, Missouri, 227 

Wells, R. C., on solubility of metallic 
sulphides, 814 

Westcott, J. H., review of book by, 


564 

Westgate, L. G., on chromite in east- 
ern Oregon, 704, 718 

Westgate, L. G., and Knopf, A., on 
Pioche district, Nevada, 128 

Whitman, A. R., discussion by, 330 

on diffusion through rocks, 546 

Whitney, J. D., on Wisconsin lead 
and zinc district, 256 

Williams, J. F., on lodestone, 64 

Williams, R. M., with Gillson, J. L., 
Contact metamorphism of the 
Ellsworth schist near Blue Hill, 
Maine, 182-194 

Winchell, A. N., on abnormal glauco- 
phane, 724 

Winchell, N. H., and Winchell, H. 

V., on origin of iron ores of 

Minnesota, 538 





INDEX TO VOLUME XXIV. 


Winkelmann, H., on Bolivian tin ores, 
inc) uate |e : 
Winslow, A., on Einstein silver mine, 


5 
on Joplin zinc and lead deposits, 243 

ertaesy lead and zinc district, 256, 
262 

wae, E- W., on oxidation slumping, 

0 

Wohler, F., preparation of pyrite, 816 

Wolf Creek coal, analysis, 5 

Wolframite, 576 

Wolverine copper mine, arsenic dis- 
tribution in, 157 

Wood tin, 353 

Wright, F. E., on polarized light, 413 

Wright bi-quartz wedge plate, 415 


Xeropotamo magnesite deposit, 655 
X-ray analysis of manganese minerals, 


490 
X-ray examination of manganese min- 
erals, 481 


Yagi, Tsugio, with Takahashi, Jun- 
ichi, Peculiar mud-grains and 
their relation to the origin of 
glauconite, 838-852 

Yampa coal field, basalt sheets, 1 

Yerington district, Nevada, 124 


Zavaritsky, A. N., 
Osition, 713 
Zeally, E. A. V., on chromite in veins, 


on chromite dep- 


633 

Zies, E> é. Allen, E. T., and Merwin, 
H. E., on copper sulphide en- 
richment, 327 

Zinc production in Nevada, 144 

Zinc and lead zone, Mineral 
district, 261 

Zinc deposits, Missouri, 241 

Zinc-copper deposit, northern Mani- 
toba, 457 

Zinnwaldite, 585 

Zonal arrangements of ores of Missis- 
sippi Valley, 230 

Zonal theory, 34 

Zoning in Michigan copper deposits 
and, its significance (Broder- 
ick), 149, 311 

Zoning of ores, Wisconsin lead and 
zinc district, 260 

Zuloaga, Guillermo, with Newhouse, 
W.. dy Gold deposits of the 

Guayana Highlands, Venezuela, 

797-810 


Point 








